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ABSTRACT 
This study was begun in 1966 as the first of a two phase 
investigation to determine dredging effects on fauna of Pool 
19 of the Mississippi River. Monthly, from June to December, 
1967, four 7.62 cm core-samples were taken at seven stations. 
The molluscan fauna included 13 species of gastropods, 7 
species of sphaeriids, and 20 species of unionids. Sphaerium 
transversum made up over 80 per cent of the total organisms 
2 
at all stations, with a mean of about 40,000/m and a maximum 
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of over 100,000/m . Of the insects, Hexaqenia spp., because 
of its size, may be most important as fish and duck food. 
Leeches, Glossiphonia complanata. Helobdel1 a stagnai is and 
Erpobdel1 a punctata were abundant. Standing crops of benthos 
ranged up to 11,000 kg/ha in summer, a high biomass compared 
2 to other areas. Total organisms/m were maximum in fall. 
The life history of S^. transversum was emphasized due to 
its abundance, importance to ducks, and lack of life history 
data. In the laboratory, 2- transversum grew from birth to 
maturity in 33 days or less, increasing in weight about 125 
fold. Some clams of similar age failed to grow initially and 
became calyculate (capped) when growth occurred. In the river, 
calyculism was associated with season of birth. 
The clams became proportionately lower and wider as length 
increased. In areas with firm substrates and swift currents, 
clams were slightly more fusiform than in areas with soft 
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substrates and little current. Filaments were found attach­
ing embryos to parental gills and may have taxonomic and 
evolutionary significance. Large clams contained up to 80 
embryos. Clams brought into the laboratory discharged young 
prematurely. Mature clams were gravid until they died, 
usually at an age of less than one year. S^. transversum 
had a variety of phytoplankton in its gut, except in winter. 
Prédation by diving ducks, fish, and leeches is probably 
important in reducing clam density. Enclosures excluding fish 
prédation in shallow water had more sphaeriids than did con­
trols. Ducks may harvest about 5,000,000 kg of sphaeriids 
yearly, on Pool 19. Clam sterility and mortality appeared to 
re^jult from heavy cercarial infestations. In July, about 
90 per cent of the clams over 4.5 mm long contained 
oligochaetes, Chaetogaster limnaei, in their mantle cavities. 
Water mites sometimes embedded themselves in the gills. 
In Pool 19, transversum occurs in almost all sub­
strates. In the laboratory, clams preferred mud over sandy-
mud and sand in a circular substrate apparatus. Sandy areas 
in the river often had greater clam densities than many areas 
with mud substrates. By novel application of a widely used 
statistical design, directional differences in clam disper­
sion in the laboratory, were found to be random. Clams were 
stratified in the substrate with larger clams in the upper 
2.6 cm and smaller clams buried up to 17 cm in soft substrates. 
Small clams, deep in the substrate, may escape prédation and 
unfavorable water conditions and thereby account for much of 
transversum's success. Some small clams may be missed by 
conventional samplers. In April and May» 1967» over 99 per 
cent of the clams were less than 1 mm wide (about the size 
when born). Small clams were most abundant at all stations 
nearly every sampling date. 
1  
INTRODUCTION 
During the spring and fall of 1967 hundreds of thousands 
of diving ducks stopped, rested and fed on Pool 19 of the 
Mississippi River near Fort Madison, Iowa (Thompson, 1959). 
Pool 19 is "unexcelled" as a stopping point for diving 
ducks migrating along the Mississippi flyway (Hawkins, A. S. 
mimeo report U. S. Bureau of Sport Fisheries and Wildlife, 
May 5, 1966). The cause of Pool 19's popularity with diving 
ducks is a matter of speculation, but the abundance of bottom 
fauna and particularly fingernail clams (Sphaeriidae), is 
probably a major factor. The importance of sphaeri ids to 
diving ducks has been documented (Anderson, 1957; Mills, 
Bel 1 rose, and Starrett, 1965; Rogers and Korschgen, 1966). 
In addition to its importance to waterfowl. Pool 19 
supports an important commercial fishery for channel catfish, 
(Ictalurus punctatus), carp (Cyprinus carpio), freshwater 
drum (Aplodinotus grunniens), buffalo (Ictiobus spp.), and 
others. The annual commercial harvest of fish averaged 
483,700/kg from 1953 to 1964. Only 2 of the other 24 
pools yielded greater total catches. Pool 19 had the greatest 
catch of the premium-priced catfish (primarily channel cat­
fish) with an average of 148,212 kg/year (Nord, 1967). Sport 
fishing for channel catfish, sauger (Stizostedion canadense), 
1argemouth bass (Micropterus salmoides), bluegi11 (Lepomis 
2  
macrochirus), crappie (Pomoxis spp.)» white bass (Roccus 
chrysops)» and others is also important. 
In 1966 Congress authorized construction of a navigation 
channel to the Port Lee Industrial Complex near Fort Madison, 
Iowa. Because there are few industries in the Complex, dis­
turbance of the area by barge traffic should not be great. 
Plans of the U. S. Army Corps of Engineers call for an 
initial channel approximately 2.6 kilometers long (Fig. 1). 
However, proposals have been made for future extension of 
the channel several kilometers downstream. Dredging will 
modify the aquatic environment, altering the depth, substrate 
type, current flow, and other factors. Environmental changes 
will not be restricted to the excavation site of the service 
channel. Excavated substrates will be deposited further out 
in the river, reducing the water depth. Increased turbidity 
and si 1tation can be expected downstream. Should proposals 
for future extensions be realized, several hundred hectares 
of Pool 19 may eventually be modified. Environmental changes 
in areas of this magnitude may constitute a serious threat to 
valuable wildlife resources. 
In 1966, the Iowa Cooperative Fishery Unit and Dr. Milton 
Wei 1er of Iowa State University initiated a study to investi­
gate the effects of dredging on Pool 19. The study was 
designed to Include both pre-dredging and post-dredging 
phases. Four Iowa State University students were assigned the 
Fig. 1. Map of study area 
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pre-dredging phase of the study. I was assigned the task of 
surveying the bottom fauna» while the three remaining students 
were to investigate the utilization of bottom fauna by fish 
and diving ducks. It was anticipated that we could coordinate 
our research activities, thereby, gaining greater insight 
into the complexities of bottom fauna utilization by fish and 
waterfowl. 
The objectives of the bottom fauna study were to 
(1) survey bottom fauna in Pool 19 prior to dredging as a 
basis of comparison for post-dredging studies, and (2) gain 
information concerning the life history of some aquatic 
organisms inhabiting the area. By investigating the biologi­
cal ramifications of dredging it was hoped that recommenda­
tions could be made to minimize environmental damage in future 
dredging projects. 
In spite of Pool 19's importance in food fish production 
and its importance as a feeding and resting station for diving 
ducks, it has been the subject of little intensive biological 
research. Early investigations were prompted by construction 
of the dam at Keokuk, Iowa in 1913. The Keokuk dam was at 
that time one of the largest hydroelectric dams in the United 
States (Coker, 1929). Since the dam was the first on the 
Upper Mississippi, effects of impoundment upon the fishery 
above the dam were of special interest. In 1913, Dr. Robert 
E. Coker of the Bureau of Fisheries laboratory at Fairport, 
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Iowa initiated fishery investigations which persisted, with 
interruptions, until 1927. 
The plankton of Pool 19 was investigated in 1914 by 
A. A. Doolittle (1916) and by Dr. Paul Galtsoff (1924) in 
1924. In 1930, the unionid population of Pool 19 was 
investigated by Ellis (1931a, 1931b) as part of a general 
river survey during the summers of 1930 and 1931. Some of 
Ellis' data have been published (van der Schalie and van der 
Schalie, 1950) and will be discussed later. 
More recently, interest in Pool 19 revived, due to an 
abundance of nuisance insects (mayflies and caddisflies) 
plaguing some river towns. Three Iowa State University 
students (Fremling, 1959; Carlson, 1960, 1963; Wenke, 1965) 
investigated benthic organisms in Pool 19 but placed little 
emphasis on bottom fauna, per se. Carlson was more concerned 
with bottom fauna distribution than Fremling or Wenke, but 
was mainly interested in estimating and controlling mayfly 
populations. Previous studies have generally been limited 
to the summer months, and data on seasonal changes in standing 
crop of benthos are not available. Blomass estimates were 
not determined for any season. 
During 1966, sampling was designed to gain information 
concerning general distribution of benthos above, within, 
and below the area to be dredged. In 1967, greater emphasis 
was placed upon the life history of the fingernail clam, 
Sphaerium transversum. for the following reasons: 
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(1) S. transversum is the most abundant benthic 
organism in the study area. 
(2) S^. trans versum is the major food component of 
the diving ducks utilizing the area. 
(3) The biology of transversum is poorly known. 
Description of Study Area 
Pool 19, second largest pool on the Upper Mississippi 
with about 13,560 hectares, is a 75-kilometer stretch of 
river in extreme southeastern Iowa (Nord, 1967). Coker 
(1929) estimated Pool 19's size to be 16,576 hectares at 
high water. Pool 19 is located between the Keokuk dam and 
a dam about 11 kilometers above Burlington, Iowa. The 
Keokuk dam was constructed in 1913 by a private power 
company (Carlander, 1954) and for over 15 years was the only 
"catchbasin" on the Upper Mississippi. As a result of 
damming, extensive siltation has occurred, particularly in 
the lower portions of the pool. Coker (1929) indicated 
that water above the dam, excluding areas within 300 meters 
of shore, ranged in depth from about 7 to 11 meters. By 
1967, the water at a point about 100 meters above the dam 
and about 400 meters from the Illinois shore was only about 
1 meter deep. In addition to producing hydroelectric power, 
the Keokuk dam provides mounting testimonial of man's 
improprieties on the watershed. 
Damming has also increased the total surface area from 
about 9,324 to 15,540 hectares at low water levels. At the 
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same time, fluctuations between high and low water levels 
decreased from 4,662 to 1,063 hectares (Coker, 1930). Daily 
water levels fluctuate several centimeters when demands for 
electrical power are great. 
At present. Pool 19 is neither lake nor river but a 
hybrid of the two with characteristics of each. The narrow 
upper portion of the pool is most "river-like" with numerous 
islands and chutes and rapid current. The lower portion 
of the pool near Keokuk is more "lake-like," being wider, 
shallower, and lacking islands and chutes. Moderate amounts 
of emergent and submergent vegetation are present. The 
middle section of Pool 19, containing the future dredging 
site, is also "lake-like" and is reputed to be the widest 
portion of the Mississippi River between LaCrosse, Wisconsin, 
and Memphis, Tennessee. At a point a few kilometers above 
Montrose, Iowa, the pool is about 4 kilometers in width. 
Much of the area between Fort Madison and Montrose is shallow 
(less than 2 meters) and backwater areas are numerous. 
Emergent and submergent vegetation is particularly abundant 
in backwater areas. American lotus, Nelumbo lutea, and 
arrowhead, Saqittaria spp. are chief emergents, with pondweed, 
Potamoqeton spp., and coontai1, Ceratophyl1 urn sp., being 
the primary submergents. In summer, some backwater areas 
become completely covered with layers of duckweed, Lemna 
spp., watermeal, Wolffia sp., and mosquito fern, Azolla sp. 
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Because the area between Montrose and Fort Madison is shallow 
and greatly exposed to wind action, the substrate is fre­
quently roiled. In July and August, 1966» Secchi disk 
readings in the river proper ranged from 15 to 51 cm. High 
turbidities were associated with strong southwesterly winds 
which parallel the mid portion of the pool for several 
kilometers. Lower turbidities were associated with mild 
winds or winds from the north or east. 
During a hot, windless period in August of 1966, Secchi 
disk readings taken at nine stations on transect 7 averaged 
33 cm. (During the same period, thermal stratification was 
noted in the upper meter of water.) Secchi disk readings 
were typically higher in the channel, where the water is 
deeper, and in sheltered backwater areas. Readings exceeding 
61 cm were frequently observed in weed-filled sloughs. 
Description of Stations 
In 1966, the study area extended from river mile 374 
near Nauvoo, Illinois, to mile 385 above Fort Madison 
(Fig. 1). Nine transects were sampled. In 1967, because 
greater emphasis was placed on the life history of S^. trans-
versum, more frequent sampling was essential, and the numbers 
of transects and sampling stations were reduced. Eventually, 
eight stations on transect 3 and one station on transect 4 
were selected for monthly sampling (Fig. 1). Four stations 
on transects 5 and 8 were sampled twice. 
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Transect 3 was selected because it bisected the area 
of proposed dredging and because it was readily accessible 
from a docking facility. Moreover, in 1966, it was observed 
that transect 3 included a substantial variety of depths and 
substrate types. 
Varying criteria were used to determine station location 
on transects. It was desired to sample many habitat types 
and, at the same time, to locate the stations as systemati­
cally as possible. But since the overall objective of 
sampling was to permit statements concerning population 
changes in specific habitats, systematic location of stations 
was not essential. Physical characteristics of the stations 
are described (Table 1, Fig. 2). Verbal descriptions of 
substrate types in Table 1 were arbitrarily devised but based 
on relative percentage of particle size fractions. Sub­
strates containing 80 per cent or more of one particle type, 
i.e. sand, clay, silt, were assigned the name of the pre­
dominant particle type. Substrates containing about equal 
amounts" (5 per cent difference or less) of two particle types 
were assigned the names of both particle types joined by a 
hyphen. In other instances, the name was derived by using 
the major particle size as a noun, and the type ranking next 
in abundance as an adjective. 
Table 1. Description of sampling stations in 1967 
Transect Station Depth Substrate Velocity^ Adjacent^ Meters to shore River tnile^ 
# # (rn) type Cm/sec) vegetation Iowa 111, fapprox. ) 
3 1 . 66 clayey silt none Yes 77 - 379,4 
tl 4 1.22 clay-sand .098 No 411) - II 
M 5 1.22 sand .118 No 686 - II 
II 6 1.27 sand .145 No 957 - II 
M 7 1.75 clayey sand .127 No 1222 - II 
H 8 2.62 clay-sand .095 No 1463 - II 
II 9 1,24 clayey silt .051 No - 674 It 
II 10 3.15 clayey silt .094 No - 286 II 
4 14 .84 clayey silt .046 No - 61 378.9 
5 2 .53 clayey silt none Yes 686 - 378.3 
II 3 .39 clayey silt none Yes 838 - II 
8 2 .53 clay-silt none Yes - 457 374.2 
II 3 .76 clay-silt none Yes - 610 II 
^Measured with a pygmy Gurley current meter about 8 cm from substrate surface. 
Within 100 meters of vegetation. 
Mile zero at junction of Mississippi and Ohio Rivers. 
Fig. 2. Particle size fractions of substrates at eleven 
stations in Pool 19, Mississippi River 
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Of the stations regularly sampled in 1967, station 1, 
located in the center of a back water area, lacked measurable 
current and was adjacent to abundant submergent and emergent 
vegetation. A greater variety of benthic organisms was found 
at station 1 than at other stations. 
Stations 4 - 8 on transect 3 were systematically located 
about 260 meters apart. Station 4 was located at the Iowa 
edge of a broad, level area with shallow water, sometimes 
referred to as the "flats." Stations 4-7 were shallow and 
contained substantial amounts of sand. Stations 5 and 6 had 
swiftest currents and the sandiest substrates. Station 8, 
located at the junction of the "flats" and the channel, 
contained more heterogeneous substrates than other stations. 
The area was subject to deposition of silt and detritus, 
especially empty sphaeriid shells which occurred in layers up 
to 8 cm thick. 
Three stations with clayey silt substrates were selected 
according to depth and location, on the Illinois side of the 
channel. Station 9, near the channel, was shallow, 1.2 
meters ; station 10, about one-half way to the Illinois shore 
from station 9, was deep, 3.2 meters. Station 14, the only 
station regularly sampled on transect 4, was selected 
because it was shallow, close to shore, and was not adjacent 
to vegetation. 
Stations 2 and 3 on transects 5 and 8, which lacked 
measurable currents and were adjacent to submergent and 
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emergent vegetation, were selected as representatives of 
cove areas. Sampling on transects 5 and 8 was included 
merely to reaffirm findings of 1956 that such areas contain 
low standing crops of benthic organisms. 
Method of Sediment Analyses 
Substrates analyzed for particle size distribution were 
collected, using a frozen core sampler (3.18 cm in diameter) 
similar to that described by Shapiro (1958). Since the 
majority of the benthic organisms in Pool 19 were thought to 
occur within the upper 4 cm of substrata, only that portion 
of the core was utilized in particle size analysis. To 
obtain sufficient substrate for the analyses it was necessary 
to combine the upper strata from four to five cores from 
each station. 
The sediments were analyzed following the Bouyoucos 
hydrometer method as described by Dawson (1959). Particle 
size distribution (Fig. 2) is expressed in Phi units 
(Table 2) as recommended by Cummins (1962). There are 
several particle size classifications, and descriptive terms 
such as clay and silt can be confusing unless it is known 
which scheme is being followed. Means and Parcher (1963, 
p. 62-63) discuss grain size classification more fully. 
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Table 2. Particle size class of substrates 
Substrate type Size class in mm Phi scale 
00
 
0
 
1 CD
 
O
 
-3 
Gravel 0
 1 00
 
o
 
-2 
2.0-4.0 -1 
Very coarse sand 1.0-2.0 0 
Coarse sand 0.5-1 .0 1 
Medium sand 0.25-0.5 2 
Fine sand 0.125-0.25 3 
Very fine sand 0.0625-0.125 4 
0.0313-0.0625 5 
0.0156-0.0313 6 
Si It 
0.0078-0.0156 7 
0.0039-0.0078 8 
CI ay <0.0039 9 
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BOTTOM FAUNA 
Introducti on 
During 1966-67» many kinds of organisms were collected 
in the bottom samples. As expected, a few organisms were 
extremely abundant while many were scarce. In some areas, 
a few organisms, because of their habits, were collected 
infrequently although they were fairly common. For example, 
at transect 3 station 1 corixids and odonates were infrequently 
collected. The corixids were missed because they were usually 
in the water column and the odonates were usually clinging to 
plants. Little information was collected on such forms and they 
are not discussed in this paper. Carlson (1968) lists species 
he collected in Pool 19. Many of the forms infrequently 
collected during this study are included in Carlson's list. 
Procedures 
Although the main objective of sampling in 1967 was to 
measure changes in the population of fingernail clams, all 
organisms collected in the samples were retained, later to 
be counted and weighed. 
Sampling began in late March and early April while the 
ri/er was in semi-flood conditions. Increased water velocity 
prohibited use of the Ekman dredge used in sampling during 
1966. The heavier Petersen dredge was used to complete spring 
sampling but because of excessive sorting time for the larger 
samples only one sample was taken per station. To reduce 
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sampling problems, a core-sampler with an inside diameter of 
7.62 cm was designed and constructed. By using the core-
sampler sorting time could be reduced^ even when replicate 
samples were taken at each station. Moreover» the core-
sampler probably gave better quantitative estimates than did 
the Ekman or Petersen dredges. The dredges probably did not 
penetrate deeply enough to obtain all organisms in the 
substrate. The core-sampler, on the other hand, could be 
forced deep into the substrate, beyond the level where most 
organisms occur. Furthermore, the core-sampler obtained a 
uniform amount of substrate while the dredges, with their 
curved "jaws," did not. 
Monthly, from June through December, four core samples 
were taken at stations 1, 4, 6, 7, 8, and 10 on transect 3 
and station 14 on transect 4. Sampling at stations 5 and 9 
was terminated earlier because station markers were lost. To 
avoid taking two samples from exactly the same location two 
samples were taken from each side of the boat: one midway and 
one at the rear. The precaution was probably unnecessary 
because wind action, coupled with water current, usually moved 
the boat in a small arc around the anchoring site. 
The samples were washed in a screening bucket (Fremling, 
1961) with a screen containing approximately 12 mesh per 
centimeter. The living organisms were then passed through 
graders dividing the sphaeriids Into three size classes which 
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were placed into separate plastic bags partially filled with 
river water. In 1966, it was found that sphaeriids, if not 
killed immediately, discharge some of their young into the 
sample biasing the total count upward. The number of young 
discharged seemed to vary with length of time held, amount 
of handling, and other variables, prohibiting formulation of 
correction factors. In one instance two large clams held 
overnight discharged 14 young. Had the young been included 
in the count, the total for the sample would have been 
increased over 500 per cent. _Data on embryo discharge in 
the laboratory are presented in Table 17. By field grading, 
the mature clams containing well developed young could be 
isolated. Later, when the samples were sorted, small clams 
which had been discharged in the bag were not counted. 
Samples were refrigerated in plastic bags to increase 
survival time for the organisms. Sorting the samples while 
the organisms were alive facilitated detecting less conspicu­
ous forms, such as phantom midges, and some caddisflies. 
Furthermore, discrimination between empty and full snail 
shells presented a formidable task after the organisms were 
preserved. For example, PIeurocera acuta drew so deeply into 
its shell when placed in formalin that the operculum was not 
visible. To determine if the snail was alive at the time of 
collection it was necessary to crack the shell and look for 
tissue. 
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Samples collected from October to December were preserved 
in 10 per cent buffered formalin at the collection site. 
Alcohol was an unsuitable preservative for sphaeriids because 
It permitted the valves to op'en after a few weeks and the 
soft parts to float out. Since the clams were later graded 
into size groups based on width (thickness) it was essential 
that the valves remain closed. 
Plexiglass tubes, 10 cm in diameter, with sections of 
brass welding rods spaced across the bottom were used to sof%^ 
the clams. Five graders divided the clams into six size 
groups based on width: <1 mm, 1 to 2, 2 to 3, 3 to 4, 4 to 5, 
and >5 mm. The width of broken clams, which could not be 
measured with the graders, was determined from the length. 
Clam width was closely related to length (Table 14). 
Average clam weights (to the nearest milligram) were 
obtained for a representative random sample of each size 
group. Weights included: blotted dry with shell intact, 
blotted dry without shell, and oven dried (100®C for 12 hours) 
with shell removed. The average weights found for various 
size groups served as conversion factors. To convert the 
number of clams in a sample to weight, the number of clams in 
each size class was multiplied by the conversion factor 
appropriate for that size group (Table 3). The weights for 
all sizes were then totaled. 
Estimating clam weights rather than weighing each size 
fraction saved considerable time. Small errors in weight could 
Table 3. Weight of sphaeriids of various sizes with shell, without shell and 
mantle fluids, and dry without shell 
Number in sample Clam width Mean weight in grams 
(mm) 
Whole wt. B1 otted wt. Per cent of Dry wt. Per cent of 
(blotted, (minus whole wt. (minus whole wt, 
with shell) shell) shell) 
S. transversum 
23 >5 . 2346 .1080 46.0 .0124 5.3 
30 4-5 .1403 .0675 48.1 .0079 5 ,6 
52 3-4 .0710 .0345 48.6 .0041 5.8 
94 2-3 .0313 .0153 48.9 .0018 5.7 
245 1-2 .0096 .0052 54.2 ,0006 6.3 
803 <1 .0011 .0006 54.5 .0001 9.1 
S. striatinum 
12 >5 . 2226 .0883 39.7 .0104 4.7 
23 4-5 .1243 .0440 35.4 ,0059 4.7 
45 3-4 .0595 .0219 36.8 .0028 4.7 
37 2-3 .0297 .0117 39.4 .0014 4.7 
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be incorporated if the average size of clams in a sample 
differed from those used in formulating the conversion factors. 
However, overestimates and underestimates should tend to 
cancel out. More importantly, some clams in almost every 
sample were cracked and in a few samples many clams were 
broken. When breaks occur in the shell, fluids rapidly 
drain out during blotting with a resultant underestimation 
of the true weight. Errors caused by the leakage of fluids 
would be far greater than those in estimating weights with 
conversion factors. 
Blotted dry weights for clams with shells intact were 
obtained by spreading the clams on paper towelling on one 
side and then the other. The clams were then allowed to air-
dry (for 1-5 minutes) until the entire periostracum became dry. 
A high degree of precision was achieved following this method 
of air-drying, providing the shell was not fractured. Only 
unbroken clams were used in formulating conversion factors. 
To determine the precision with which clams could be 
weighed 1,247 transversum in six size groups ranging from 
less than 1 mm to over 5 mm in width were air-dried and 
weighed. The clams were returned to the formalin solution 
and allowed to soak for about five minutes. The clams were 
then removed, blotted, and air-dried, and weighed as before. 
The mean difference between the two series of weights was 
.0031 grams. The second series of weights were usually less 
than the first indicating that soaking for five minutes may 
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have been inadequate. The repeatability of the method might 
have been even better with longer soaking. Precision was 
approximately the same with all six size groups. 
A mean difference of .0025 grams was derived on duplicate 
weighings of 117 S^. s tri ati num ranging in width from 2 to 
5 mm. The second series of weights tended to be slightly 
higher than the first. 
After the clams had air-dried until the water film on 
the periostracum disappeared, handling time was not crucial. 
A group of clams was prepared for weighing as described 
previously, placed onto the balance, and weights recorded at 
minute intervals (Table 4). Changes in weight occurred 
gradually. The greatest change occurred with small clams, 
probably because they contained a slight water film when 
weighing began. Because the small clams tended to adhere to 
one another, it was difficult to obtain uniform drying. 
To remove the valves, clams were placed in 5 per cent 
HCl solution until all CaCOg was dissolved. Unless the 
periostracum is broken, the shell may not completely dissolve. 
When the periostracum is intact, COg accumulates inside, 
causing the clam to balloon to the surface. Pressure inside 
the gas-filled periostracum prevents HCl from entering. 
After the shell dissolved, remaining tissues were placed 
on towelling, first on one side and then the other, to remove 
excess moisture. Weights were taken after the visible water 
film had been blotted from the tissue surface. Attempting 
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Table 4. Weights of the sphaeriids of various lengths after 
different drying periods. (Clams were air-dried 
until shells lost visible water film prior to 
recording the first weight.) From 7 to about 950 
clams in each group 
Mi nutes 
S. transversum S. striatinum 
<1 mm 2-3 mm >5 mm 2-3 mm >5 mm 
0 1.063 1.356 1.790 1.174 1 .891 
1 1.061 1.355 1 .788 1.174 1 .890 
2 1.059 1.354 1 .786 1.173 1 .890 
3 1 .057 1.353 1 .785 1.173 1 .890 
4 1 .055 1.352 1 .784 1.172 1 .890 
5 1 .053 1 .350 1.783 1.172 1 .889 
6 1 .051 1.349 1.782 1.171 1.889 
7 1 .049 1.348 1.781 1.171 1.889 
8 1.047 1.347 1.780 1.170 1 .888 
9 1 .045 1.346 1 .779 1.170 1 .888 
to standardize blotting by leaving the clams on towelling 
for a fixed time was not realistic because of the great size 
differential among the clams. Very small clams become rather 
dry in the same time that larger clams lost their water film. 
Less precision was obtained by weighing clams after the 
shells were removed. A mean difference of .0078 grams was 
derived between two series of weights for S^. transversum 
and .0159 for s tri ati num. Weights in the second series 
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were sometimes larger and sometimes smaller and differences 
tended to cancel out. 
Blotted dry weights for other molluscs were obtained by 
the same procedures employed with fingernail clams, with the 
exception that some of the larger unionids were weighed to 
the nearest hundreth of a gram. Blotted dry weights for 
non-molTuscan groups were determined in a manner similar to 
that used with sphaeriids but weights were read to the nearest 
tenth of a milligram. Rather than drying the organisms from 
each sample, oven-dry weights were obtained for representative 
samples of each organism type. This procedure conserved 
time and permitted organisms in the samples to be retained in 
suitable condition for other purposes. 
Because too few unionids-were collected during 
systematic sampling to formulate a comprehensive species list, 
additional mussels were collected by other means. Many mussels 
were hand-collected while wading in shallow water. A few 
mussels were collected in deeper water using a crowfoot dredge. 
Identifications of organisms were made using source 
material listed in the appendix (Table 31). Names and 
addresses of authorities making identifications or providing 
+ 
verifications of identifications are also given there. 
To determine the standing crop of molluscs prior to 
diving duck arrival in the fall, 120 ponar dredge samples 
(approx. 22.86 X 22.86 cm) were taken between the 20th and 
23rd of September, 1967. The samples were collected in 
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cooperation with Douglas Thompson, the student investigating 
waterfowl on Pool 19. Sites were randomly selected between 
Keokuk and Dallas City using a numbered grid system. 
The samples were screened through hardware cloth (3.17 mm 
mesh) to keep the sampling period as brief as possible. Use 
of fine mesh screen would have greatly increased washing time 
and prolonged the sampling period to 10 days or more. Screen­
ing with hardware cloth permitted sphaeriids less than 1.5 
to 2.0 mm wide to pass through. A few snails (Fontigens) were 
lost also. 
An estimate of the number of clams and snails lost was 
obtained by taking a 7.62 cm core-sample at shallow water 
stations and screening the substrate with 12 mesh per centi­
meter screen. By determining the percentage of clams in the 
core-sample less than 2.0 mm wide, a correction factor was 
obtained for each station which was used to adjust the total 
count of sphaeriids in the ponar samples. The weight of 
missing clams was derived by multiplying the number of clams 
in the sample by the mean weight for the proper size group 
(.0011 g and .0096g) from Table 3. The numbers and weights 
of Fontigens in the core samples were used to estimate those 
lost through the larger screen. 
A few stations were too deep to be sampled with the core 
sampler and correction factors could not be formulated by 
the procedure above. A correction factor for deep stations 
was obtained by averaging the correction factors for shallow 
water stations. 
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The sphaeriids were later divided into six size groups 
as described earlier. Weights of each size group^ air-dried 
with shells intact, were taken. Only intact specimens were 
weighed. The weight of broken clams was estimated by 
multiplying the number broken by the mean weight of intact 
clams of the same size group in the sample. Blotted dry and 
oven-dried weights of clams without shells were derived using 
previously determined conversion factors (Table 3). 
Results of Systematic Sampling 
Standing crop estimates for benthos (excluding unionids) 
from June through December are presented for four habitat 
types (Fig. 3). At most stations the standing crop was found 
to be greatest in either July, August, or September (Fig. 3). 
S^. transversum usually comprised the major portion of the 
standing crop both in weight and in numbers (Fig. 4). The 
greatest standing crop, nearly 11,000 kg/ha, occurred at 
station 8 in August. 
Station 8 was probably typical of areas adjacent to the 
channel, where substrates and population densities of bottom 
organisms vary markedly. The magnitude of the standing crop 
was not unique because during the same period 9,000 kg/ha was 
found at station 7, about 240 meters away. Of the total 
weight of benthos at station 8 during August, 98.3 per cent 
was sphaeriids and 97.8 per cent transversum. 
Between June and August the biomass at station 8 increased 
at a rate of 4,653 kg/ha per month. During the same period. 
Fig. 3. Standing crop (kg/ha blotted weight) of benthos in 
four habitats in Pool 19, Mississippi River, 1967. 
Th^ lower of each pair of lines represents the 
standing crop of transvers urn. Mollusc weights 
are exclusive of shells 
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Fig. 4, Standing crop (1000 per square meter) of benthos 
in four habitats in Pool 19, Mississippi River, 
1967. The lower of each pair of lines represents 
the standing crop of transversum 
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at station 7, the biomass increased 2,806 kg/ha per month. 
While the change in biomass probably was not synonomous with 
production, it does suggest that production was large. The 
standing crop estimate for August could have been increased 
by movement of clams into the area. However, if emigration 
and immigration were unequal, it seems likely that the high 
population at station 8 would have tended to dispel clams to 
adjacent areas with lower densities. If it were assumed that 
sphaeriid emigration equaled immigration, production would 
have exceeded biomass change by the clam mortality in the 
peri od. 
The standing crop dropped sharply between August and 
September at station 8, primarily because of reductions in 
numbers of sphaeriids. During the same period, the standing 
crop of leeches increased markedly (Fig. 6) suggesting a 
possible cause and effect relationship. The number of leeches 
was not great in October, but by that time the sphaeriids had 
almost disappeared- The rise in standing crop to nearly 5,000 
kg/ha in November was primarily due to tremendous leech 
density (Fig. 6). 
Data from stations 10 and 14 were averaged because the 
stations were considered representative of clayey silt areas 
lacking aquatic vegetation. The substrates at stations 9, 
10, and 14 were dark, whereas, gray substrates occurred at 
most stations below transect 4. 
After July, the standing crop of benthos at stations 10 
and 14 (Fig. 3) began a decline that continued until 
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October. The decline was associated with disappearance of 
larger size groups of sphaeriids at station 14 and emergence 
of Hexaqenia spp. naiads. The number of organisms (Fig. 4) 
continued to increase into August and September due to 
increased numbers of small sphaeriids. 
Station 1 was considered to be typical of the vegetated 
backwater portion of transect 3. However, station 1 was 
probably atypical of most of the shallow water areas adjacent 
to submergent or emergent vegetation. One of the major dif­
ferences was that station 1 received effluent from large, 
vegetation-choked Hoenig's slough. The slough received 
discharge from a few outdoor toilets and waste products from 
the paper mill. The slough also drains part of the Santa Fe 
train yards from which it may receive a variety of substances. 
In addition, station 1 was more protected from wave action 
than were other shallow water areas. 
The standing crop at station 1 deviated markedly from 
those at other stations. In July, the standing crop (Fig. 3) 
fell, due to a decreasing sphaeriid population, but began to 
increase again in August. Higher standing crops in the fall 
resulted from greater numbers of sphaeriids and gastropods. 
Between August and September the number of Valvata tri cari nata 
and Amnicol a 1ustri ca in the samples increased rapidly. As 
aquatic plants disappeared in the fall, associated benthos, 
such as Valvata and Amnicola, was forced to redistribute it­
self on the substrate surface. As a result, substantial gains 
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in the numbers of such organisms suddenly occur in the bottom 
samples» inflating the standing crop estimate. In actuality, 
the standing crop at station 1 may have changed very little. 
Data from stations 4, 6, and 7 were averaged since the 
stations were similar "sandy-flats," with substantial currents 
(Table 1). At these stations changes in overall standing crop 
estimates generally followed trends in standing crops of 
transversum (Fig. 3). After September, transversum 
comprised a somewhat lower percentage of the total weight as 
larger clams disappeared and numbers of insect larvae 
increased. While the biomass declined after September, the 
numbers of organisms increased (Fig. 4). 
Results of Ponar Dredge Sampling 
The section of Pool 19 between Keokuk and Dallas City 
could logically be subdivided into three sections of approxi­
mately equal length. The lower one-third, from Keokuk to 
Nauvoo, was narrow, lacked islands and contained few beds of 
vegetation. The middle one-third from Nauvoo to the Fort 
Madison-Niota bridge was the widest and most shallow portion 
of the pool. Backwater areas filled with vegetation were 
abundant. The upper one-third, from the bridge to Dallas 
City, was rather narrow with several islands and abundant 
emergent vegetation. 
Data collected from the ponar dredge samples taken in 
September were grouped by sampling area (Table 5). The upper 
one-third had the highest standing crop with 5,308 kilograms 
Table 5. Average kilograms per hectare of molluscs in three sections of Pool 19, 
Mississippi River in September, 1967 
Species Lower 1/3 Middle 1/3 Upper 1/3 Entire area® 
Whole weight (including shell and mantle fluids) blotted 
S. transversum 733.3 661.3 1769.7 1022.6 
strlatinum 416.4 95.7 293.1 244.8 
Gastropods 244.8 149.4 160.5 179.1 
Unionids 447.1 614.5 3084.2 1330.0 
Total 1841.6 1520.9 5307.5 2776.5 
Damp weight (without shell and mantle fluids) 
S. transversum 347.5 313.5 838.8 484.7 
strlatinum 158.2 36.4 111 .4 93.0 
Gastropods 83.1 48.8 52.5 59.4 
Unionids 128.0 161.7 811.7 352,8 
Total 716.8 560.4 1814.4 989 ,9 
Dry weight (without shell and mantle fluids) 
S. transversum 40.3 36.4 97.3 56.2 
S. strlatinum 19.6 4.5 13.8 11.5 
Gastropods 18.3 10.7 11.5 13.1 
Unionids 17.0 21 .5 108.1 47.0 
Total 95.2 73.1 230.7 127,8 
^Values derived by dividing total weight by 120. 
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per hectare and the middle area had the lowest. The biomasses 
of S_. transversum and unionids were much greater in the upper 
area while the biomasses of s tri ati nam and gastropods were 
greatest in the lower area. 
An over all mean weight of molluscs, without shells and 
mantle fluids, of 990 kilograms per hectare was estimated for 
the three areas. Numbers of gastropods (Table 12) and 
unionids (Table 13) are provided, but since few individuals 
were found no attempt has been made to associate species with 
areas. Most of the weight of unionids was comprised of 
individuals too large to be ingested by fish and waterfowl. 
The majority of the snails, on the other hand, were of 
ingestible size. 
Damp and dry weights (without shell) of S_. transversum 
and S^. striatinum were derived by multiplying the whole weight 
by 47.4, 5.5, 38.0, and 4.7 per cent, respectively (Table 3). 
Data for S^. transversum less than 1 mm wide were not included 
in formulating the conversion factors. Damp weights for 
gastropods and unionids were derived by multiplying whole 
weights by appropriate conversion percentages from Tables 32 
and 33. Dry weights were obtained by multiplying the damp 
weight (without shell) of gastropods and unionids by 21.99 
and 13.32 per cent, respectively, (averaging percentage dry 
weights in Appendix Tables 32 and 33). 
Numbers and weights of various size groups of sphaeriids 
are presented in Fig. 5. Numbers of S^. transversum In 
Fig. 5. Size class distribution (numbers and weights) of 
S^. transyersum and striatinum in three sections 
of Pool 19, in September, 1967. (Size class 
designation: 1, less than 1 mm wide; 2, 1-2 mm 
wide; 3, 2-3 mm; 4, 3-4 mm; 5, 4-5 ram; 6, over 
5 mm; T, total). Note logarithmic scale 
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various size groups were inversely related to the size of the 
individuals within the group. Clams in the smallest size 
group (less than 1 mm wide) comprised about 85 per cent of 
the total. Many of the clams less than 1 mm wide, buried 
deep in the substrate, may have been unavailable to fish and 
waterfowl. Larger clams constituted a greater amount of the 
total sphaeriid weight with clams 2-4 mm wide being most 
important. The upper area had the highest standing crop of 
transversum with an average of about 28,000 individuals 
per square meter. 
At birth S^. striatinum generally exceeded 1 mm in width 
resulting in an absence of individuals of the first size 
group. Larger size clas. :s of S^. s tri atinum contained more 
individuals than did smaller size groups. The absence of 
individuals in size group 2 and the low number in groups 3 
and 4 is probably indicative of discrete periods of reproduc­
tion. Young S^. striatinum are distinct in appearance and 
could not have been confused with transversum. More 
individuals occurred in size class 5 because of its larger 
interval. Unlike the situation with S^. trans versum, the 
total weight of each size class of s tri ati num (Fig. 5) 
was directly related to size of individuals in the group. 
Discussion 
Areas associated with vegetation generally supported 
very low sphaeriid populations, substantiating observations 
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made in 1966, but a few stations supported surprisingly high 
populations. Substrate type did not appear to greatly affect 
abundance of clams except for bare rock» gravel or hard clay. 
Although less than 1 per cent of the sphaeriids were S. 
s tri ati num, they constituted 19 per cent of the weight or 16 
per cent of the weight after shells were removed. They were, 
thus, more important as waterfowl and fish food than their 
numbers would indicate. 
Apparently, S^. s tri ati num survives longer than S^. 
transversum. While the larger sizes of S^. transversum 
generally disappeared in late summer, prior to duck arrival, 
large specimens of striatinum were found throughout the 
year. Thompson (1969) reported proportionately more S^. 
s tri ati num in lesser scaup in spring than in fall. 
Generally, the standing crop of benthos at the nine 
stations systematically sampled in 1967 was greater than that 
reported in other studies. Hayes (1957) reviewed standing 
crop data from 251 lakes and found most contained less than 
100 kg/ha of bottom fauna. Moyle (1961) compared the stand­
ing crops reported in several studies on ponds, lakes, and 
rivers in which most contained less than 500 pounds of bottom 
fauna per acre (560 kg/ha). Many contained less than 100 
pounds per acre. Two areas, the Mississippi River and slow 
streams in New York, were reported to have standing crops 
sometimes exceeding 1,000 kg/ha with a maximum of 3,982 kg/ha. 
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Richardson (1921) reported up to 5,181 pounds per acre 
(5,807 kg/ha) of bottom fauna in the Illinois River prior to 
heavy pollution loads. Most of his estimates, however, were 
less than 500 kg/ha. Zhaden and Gerd (1961) reported stand­
ing crops sometimes exceeding 10,000 kg/ha in the Don River. 
It is not clear whether the shells of the molluscs, including 
fresh-water mussels, were included in the total. 
Very low standing crops of benthos are reported for the 
Missouri River. Berner (1951) and Morris et al. (1968) 
reported less than 1 kg/ha on the Missouri. Grover (1969) 
reported a standing crop of 11.3 kg/ha in Lake Sharpe on the 
Mi ssouri. 
Although Carlson (1968) did not provide benthos weights 
for the lower portions of Pool 19, he reported 2,924 organisms 
per square meter. The lowest number of organisms found up-
river during systematic sampling in 1967 (Table 4) exceeded 
8,000 organisms per square meter. During September, 1967, 
random sampling of the lower portion of Pool 19 indicated 
14,656 sphaeriids per square meter were present. 
It seems likely that much of the difference was due to 
different sampling equipment and procedures. The Ekman 
dredge, used by Carlson, is incapable of penetrating deeply 
enough (up to 17 cm) to obtain all of the sphaeriids. 
Since S^. transversum comprises the majority of the standing 
crop in Pool 19, Ekman dredge sampling might result in great 
underestimation of the standing crop. To reduce sorting time 
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Carlson formulated a volumetric index to estimate numbers of 
sphaeriids by volume. An index formulated when many large 
sphaeriids were present (June and July) would greatly under­
estimate the population when larger clams disappear (August 
and September). 
On the other hand, the different estimates for 1960-61 
and 1967 may have been fairly accurate. It was observed in 
1966 that much of the area on transect 3 supported larger 
standing crops than the area further down river on transect 7 
(Fig. 1). 
Discussion of Taxa 
01i gochaeta 
Oligochaetes were present at all stations sampled in 
1967 (Table 6). Oligochaetes were most abundant at stations 1 
and 9, where substrates were dark clayey silt. Lower 
oligochaete density at more sandy stations (4-8) was not 
unexpected. However, it is not clear why few oligochaetes 
occurred at station 14 where the substrate appeared similar 
to that at station 9. Since station 9 was located closer to 
the channel it probably received much of its water from the 
Iowa side of the river, while stations 10 and 14 probably 
received nearly all of their water from the Illinois side. 
Therefore, station 9 might have been enriched by effluent from 
the Fort Madison sewage disposal plant, while stations 10 and 
14 may have received little, if any, effluent. Station 9 
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Table 6. Numbers of oligochaetes per square meter at nine 
stations in Pool 19 of the Mississippi River, 1967 
Number per square meter 
Station Range Mean 
1 6,284 - 16,278 11,752 
4 155 - 4,216 2,204 
5 979 - 1,834 1 ,289 
6 334 - 1,732 987 
7 2,655 - 10,644 6,185 
8 427 - 10,010 3,374 
9 18,870 - 33,424 23,497 
10 393 - 4,124 1 ,829 
14 599 - 4,873 2,101 
might also have been enriched by the contents of septic tanks 
that were dumped into the river. Trucks used in cleaning 
septic tanks were observed emptying their loads into the 
river from the park in downtown Fort Madison. 
The predominate oligochaete found at all stations was 
Limnodrilus hoffmeisteri. Small oligochaetes such as 
Chaetogaster limnaei, found in the mantle cavities of 
sphaeriids, would not have been retained by the screening 
bucket if they occurred in the substrates. 
Attempting to count the oligochaetes was unrealistic 
because many were badly fragmented during screening. 
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Oligochaete numbers were estimated by dividing the total 
oligochaete weight in the sample by a calculated average 
weight. The average weight was derived by dividing the 
weight of worms in six subsamples by the number of prostomiums 
present. 
Hi rudinea 
The following leeches were found in Pool 19 during the 
period from 1966 to 1968: 
G1 ossi phoni i dae 
Helobdel1 a fusca 
H^. nepheloidea 
M.» stagnai i s 
61 oss i phonia complanata 
PIacobdella montifera 
parasitica 
Erpobdel1i dae 
Erpobdel1 a punctata 
111inobdel1 a sp. 
Unidenti fied 
Leeches were widely distributed in Pool 19 and almost every 
empty mussel shell or bit of wood contained one or more. G. 
compl anata, stagnaiis and IE. punctata were most abundant. 
The leech population increased in late summer and early fall 
(Fig. 6). Fewer leeches occurred in areas with clayey silt 
substrates and more occurred in areas containing substantial 
amounts of sand. 
At stations 1, 9, 10 and 14 where the substrate was 
clayey silt, Erpobdellids comprised 61.1 per cent of the 
leeches. Erpobdellids frequently live within burrows in 
Fig. 6. Numbers of leeches (1000 per square meter) in three 
habitats in Pool 19, Mississippi River, 1967 
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soft substrates and since they swim rather than creep, soft 
substrate does not hamper their locomotion. Firm substrates 
are probably important to G1ossiphoniids, because they creep 
and must anchor their bodies in order to move. At stations 
with firm substrates (4-8) 90.3 per cent of the leeches were 
61 OSSiphoniids. A greater abundance of empty clam shells, 
limbs, etc. in sandy areas may have been important since 
Glossiphoniids were not observed to burrow into the substrate. 
Erpobdellids comprised 70.1 per cent of the total number 
of leeches between June and August. After August the number 
of Glossiphoniids increased more rapidly than did the number 
of Erpobdellids, 
Great leech density at station 8 may have resulted from 
accumulations of empty sphaeriid shells. Glossiphoniids 
frequently utilize empty shells as "cover." Since the shells 
were in loose piles on the substrate surface it is possible 
that leeches may have been in layers. 
In Pool 19 leeches may compete with fish and ducks for 
food. Leeches, however, are utilized by some species of 
fish and ducks as food. Leech prédation is discussed more 
fully in the section on prédation. 
Insecta 
The following mayflies were collected during 1966-67: 
Ephemeroptera 
Heptageni i dae 
Stenonema sp. 
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Ephemeri dae 
Hexageni a spp. 
Caeni dae 
Caenis sp. 
Probably no insect in Pool 19 is more important than 
Hexageni a in the diet of fishes. However» to most human 
inhabitants of nearby river communities Hexageni a is a 
nuisance, being too large to ignore and too numerous to swat. 
Hexageni a neither bites nor stings but is quite objectionable 
due to its indiscriminate selection of landing sites. Hexageni a 
seems as likely to select a person as a landing site as a 
tree limb or some inanimate object. To stand near an area 
where Hexageni a are emerging is to become literally enshrouded 
with insects. At least a few people, however, recognized the 
positive values of Hexageni a and as one fisherman declared, 
"Mormon flies (Hexagenia) are the best friend the fisherman's 
got." 
Both 1 imbata and bilineata inhabit Pool 19 
(Fremling 1960). Fremling (1959) observed that various age 
groups of bilineata were not evenly mixed. Some areas 
contained "mostly nymphs of one brood," whereas, adjacent 
areas contained "predominantly younger or older nymphs." 
Mixed size classes were commonly found in the same Ekman 
sample in the present study and that of Carlson (1960). 
In June, (Table 7) Hexagenia were most abundant in 
shallow water, while in December, greatest densities occurred 
in deeper water. The difference is particularly striking 
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Table 7. Number of Hexagem'a per square meter at shallow and 
deep stations in Pool 19, Mississippi River, 1967 
Stati ons U 4, 6, 14 7, 8, 10 
(shallow) (deep) 
Jun 616.7 36.7 
Jul 205.7 
C
O
 
Aug 0 0 
Sep 4»
 
CO
 
36.7 
Oct 109.7 73.0 
Nov 13.7 91 .7 
Dec 13.7 438.3 
since the substrates at stations 7 and 8 were less favorable 
for Hexagenia than those at many of the shallow water stations. 
At certain times depth may be more important to Hexageni a 
than substrate—type. 
Swanson (1967), in Lewis and Clarke Reservoir on the 
Missouri River, found that Hexagenia were most abundant in 
shallow waters near shore, following the summer hatch. In 
spite of the fact that many naiads appeared to have migrated 
to deeper areas as the year progressed, the density of 
Hexageni a remained higher in shallow areas. 
In October, 1968, to further investigate the relationship 
between water depth and Hexageni a density, additional samples 
were collected in the vicinity of transect 4 station 14. The 
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area was selected because of homogeneous substrates and 
gradual but fairly rapid increase in water depth. In 
addition, station 14 contained high populations of Hexagenia 
in June and July, 1967, but low densities in November and 
December. An Ekman dredge was used to collect the samples. 
It can be seen (Table 8) that mayfly density increased with 
Table 8. Numbers of Hexagenia 
station 14, Pool 19, 
at various depths 
Mississippi River, 
near 
1968 
Depth (m) Hexagenia/m^ Approx. meters 
to 111. shore 
Number of 
samples 
.76 323 10 2 
1.02 754 75 2 
2.74 1 ,636 125 2 
4.27 2 ,390 200 4 
water depth. The cause of the increase is uncertain. The 
difference might have resulted from greater numbers of eggs 
being deposited or drifting into deeper areas to hatch. On 
the other hand, young Hexaqenia may have migrated to deeper 
water from shallow areas. Due to the coarseness of the mesh 
in the screening bucket early instar naiads apparently passed 
through and It was not possible to follow movements. Since 
Fremling and Carlson conducted most of their research on Pool 
19 during the summer, it is not likely that they would have 
observed similar distribution patterns. 
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Hexagenia was by far the most abundant mayfly in the 
study area, but Caeni s sp., although not abundant, was widely 
distributed. Stenonema sp., which was not reported by Carlson 
(1963), was seldom found. Pentageni a vi tti gera and Isonychi a 
sp., reported by Carlson to be scarce in Pool 19, were not 
found during the present study. It is likely that several 
other species of mayflies occurred in Pool 19 in low densities 
but were not collected. 
Hexageni a is important in the diet of diving ducks on 
Pool 19 (Thompson, 1969). 
The following caddis flies were found in Pool 19 in 1967: 
Tri choptera 
Leptoceri dae 
Oecetis spp. 
Hydropsychidae 
Cheumatopsyche spp. 
Hydropti1i dae 
Unidentified species 
The unidentified species in the family Hydropti1idae was found 
living in some of the growth chambers in the laboratory. 
Cheumatopsyche was quite abundant during July, 
particularly at stations 7 and 8, when over 1,500 larvae per 
square meter were present (Fig. 7). After August, Oeceti s 
was generally more abundant. Carlson (1963) found Oeceti s 
to be the most abundant caddisfly above Dam 19. Caddis flies 
are utilized as food by many species of fish (Jude, 1968) and 
diving ducks (Thompson, 1969). 
Fig. 7. Number of caddis flies in four habitats in Pool 19, 
Mississippi River, 1967 
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The following chironotnids were found in Pool 19 during 
1 967: 
Diptera 
Chi ronomidae 
Tanypodi nae 
Ablabesmyia sp. 
Anatopynia sp. 
CIinotanypus sp. 
Coelotanypus sp. 
Procladius sp. 
Tanypus sp. 
Chi ronotni nae 
Chi ronomus sp. 
Cryptochironomus sp. 
Polypedi1 urn sp. 
Cryptochi ronomus and Coelotanypus were widely distributed in 
Pool 19 and were probably the two most common species in 1967. 
Carlson (1963) reported Stenochironomus to also be very 
abundant in Pool 19. 
The chironomid population was particularly low from June 
through August but increased in September (Fig. 8) and 
remained higher through December. Chironomids were important 
food items for fish (Jude, 1968) and diving ducks (Thompson, 
1969). However, because of their small size, chironomids are 
probably much less important than Hexagenia. 
Crustacea 
Amphipods, Hyalella azteca, were abundant in Pool 19 in 
vegetated backwater areas. Because Hyalella spends much of 
its time on plants, few were collected in the substrate 
samples prior to October (Table 9). After October, Hyalel 1 a 
was collected in low numbers at most sampling stations. 
Fig. 8. Numbers of chironomids in four habitats in Pool 19, 
Mississippi River, 1967 
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Table 9. Numbers of Hyal el 1 a azteca per square meter at nine 
stations i n Pool 19, Mississippi River, 1967 
Stations 1  4  5  6  7  8  9  1 0  1 4  
Jun 0  0  0  0  0  0  0  0  5 5  
Jul 0  0  0  0  0  0  0  0  0  
Aug 5 5  0  0  0  0  0  0  0  0  
Sep 5 5  0  0  0  0  0  0  0  5 5  
Oct 3 2 9  0  5 5  0  0  0  - 0  1 6 4  
Nov 3 , 5 6 3  0  - 5 5  0  1 1 0  - 0  1  , 0 4 2  
Dec 3 , 6 1 8  0  - 5 5  n o  0  - 8 2 2  1  , 4 8 0  
Apparently, the disappearance of submergent plants in the 
fall caused amphipod dispersal. Greatest densities, however, 
remained in shallow water where decaying vegetation provided 
shelter and perhaps food. During the time that Hyalella is 
in open water, it is highly vulnerable to fish prédation. But 
colder water during November and December probably limited 
fish feeding. 
Aquatic isopods, Asel1 us sp., were found infrequently 
during 1967. 
Gas tropoda 
The phylum mollusca is well represented in Pool 19 both 
in numbers and variety. The following gastropods were found 
during 1957 and 1968. Species followed by an asterisk were 
not collected during systematic sampling. 
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Pu!monata 
Physi dae 
Physa anati na 
£. gyrina 
PIanorbi dae 
He 1isoma tri vol vis* 
Ancy1i dae 
Laevapex fuscus 
Ctenobranchiata 
Amni coli dae 
Amni col a 1 us tri ca• 
A. sayana* 
Fonti gens nickli ni ana 
Somatogyrus isogonus 
Vi vipari dae 
Campeloma crassula 
Li oplax sulcul osa 
Vi vi parus georgi anus 
Valvatidae 
Val vata tri cari nata 
PIeuroceri dae 
PIeurocera acuta 
Thirteen species of snails were found in Pool 19 during 
1966-68. Five species, F^. nickliniana, y_. tri cari nata, 
acuta, A. 1 us tri ca, and S^. isogonus were considerably more 
abundant than the others (Table 10). 
Fonti gens, smallest of the species, was the only one 
collected at every station during systematic sampling. Some 
other species, such as C^. crass ul a, were not collected at 
all stations but additional sampling showed they were 
present in low numbers. Fontigens was most abundant on the 
"sandy-flats" reaching densities of 1,700 individuals per 
square meter at station 5. At station 6 where the current 
was strongest, Fontigens was not abundant and comprised only 
12 per cent of the snail population. At stations 5 and 7, 
Fonti gens comprised 65 and 50 per cent of the gastropods. 
Table 10. Total number and percentages of gastropods at nine stations during the summer of 1967 
Clayey silt Clayey sand Clay-sand Sand 
stations 1 9 10 14 7 4 8 5 6 
times sampled (7) (4) (7) (7) (7) (7) (7) (5) (7) Tot, 
Phvsa 2 2 0 2 0 2 0 0 0 8 
(%) 1 29 - 10 - 3 - - - 1 
Amnicola 45 0 0 10 3 10 0 3 10 81 
(%) 24 - - 46 5 17 - 2 9 13 
Somatoavrus 0 0 2 8 10 6 7 16 21 70 
(%) - - 11 36 15 10 23 12 19 11 
Fontieens 3 2 5 2 33 27 9 85 14 180 
(%) 2 29 26 9 50 47 30 65 13 29 
Campeloraa 0 2 6 0 4 2 7 5 1 27 
(%) 29 32 - 6 3 23 4 1 4 
Lioplax 0 1 5 0 9 4 4 2 11 36 
(%) - 14 26 - 14 7 14 2 10 6 
Viviparus 3 0 0 0 1 1 1 0 0 6 
(%) 2 - - - 2 2 3 - - 1 
Valvata 132 0 0 0 0 0 0 0 0 132 
(%) 71 
- - - -
-
-
- -
21 
Pleurocera 0 0 1 0 6 6 2 19 55 89 
(%) - - 5 - 9 10 7 15 49 14 
Total 185 7 19 22 66 58 30 130 112 
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Fontigens was most abundant in August and least abundant in 
December, 1967. 
P." acuta, with its heavy cone-shaped shell, was most 
numerous at station 6 where it made up 49 per cent of the 
snail population. Somatogyrus and Lioplax were also more 
abundant on the sandy-flats than elsewhere. Somatogyrus 
was not collected at any of the 9 stations during June and 
July, but probably was present in low numbers. In August, 
Somatogyrus suddenly appeared at seven stations in substan­
tial numbers and at several stations became one of the more 
abundant snails. In Table 11 data collected by Carlson (1963) 
have been tabulated showing similar occurrences in 1960 and 
1961 for S^. depressus. It is likely that the snails identi­
fied as S^. depressus in Carlson's study are synonomous with 
S^. isogonus of the present study. Apparently, the population 
increase observed during August was due to reproduction. In 
the present study, Somatogyrus collected in August were about 
3-4 mm high. By September, they had grown to 6-8 mm high 
and had Increased in weight 6 to 7 fold. In August, 1967, 
the population of Somatogyrus at stations 1, 4, 6, 7, 8, 10, 
and 14 averaged 156 Individuals per square meter. By December, 
the population fell to 16 per square meter. 
A. 1 us tri ca and tri carinata were associated with 
submergent vegetation at station 1 where they comprised over 
95 per cent of the snail population. A. lustrica was found 
throughout the sampling area in spite of an absence of 
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Table 11. Mean number of Somatogyrus depressus/m^ in 1950-61. 
Data for„1960 are based upon 8 Ekman dredge samples 
(15.5 cmr) at each of 8 sampling areas. Data for 
1961 are based on 4 samples from each of 8 areas. 
Field data from Carlson (1963) 
1960 no./m^ 1951 no./m^ 
June 14-17 
21-23 
27-29 
1 .0 
.7 
1 .0 
9-10 3.4 
July 5-8 
12-14 
19-21 
25-29 
.3 
1 .0 
1 .0 
6.4 
12 13.5 
Aug 1-3 
8-10 
15-17 
17.2 
76.4 
120.4 
28-29 10.0 
vegetation. Valvata, on the other hand, was restricted to 
station 1 where it comprised over 70 per cent of the snail 
population. Valvata, with its thin, flattened shell, probably 
could not survive in areas with appreciable current. 
Vi vi parus, the largest snail in the study area, was 
frequently observed but was not abundant in any area. Physa 
anatina was associated with submergent vegetation in shallow 
water. The much larger gyrina usually inhabited open 
water zones. tri vol vis and A. sayana occurred at transect 
3 station 1. Laevapex fuscus was collected on clams enclo­
sures at transect 5 station 2. 
Upon the basis of random ponar dredge sampling in 
September, the snail population between Dallas City and Keokuk 
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appeared similar, qualitatively, to that in the vicinity of 
transect 3 (Table 12). The major difference was that Valvata 
was not found in any of the ponar samples and appeared to be 
very limited in distribution in Pool 19. Between Dallas City 
and Keokuk, Somatogyrus, Lioplax, Campeloma, and Viviparus 
constituted a greater proportion of the snail population, 
while PIeurocera was relatively less abundant. 
Since only a few snails were found in many samples it 
would not be prudent to place much emphasis upon minor popu­
lation fluctuations that may have occurred due to chance. 
At stations 4, 6, and 7 the snail population was about 
350 per square meter in June but rose to about 900 per 
square meter by late summer. By December, the population fell 
to about 500 per square meter. At stations 10 and 14, the 
population was generally lower than at other stations with 
about 200 snails per square meter, except for August, when 
the population peaked at about 400 snails per square meter. 
The population at station 8 fluctuated erratically and snails 
disappeared in October. The leech population was high in 
September (Fig. 6) and may have removed many of the snails. 
At station 1, the snail population rose from about 200 per 
square meter in August to about 2,000 per square meter in 
September, when aquatic plants began to disappear. 
Gastropods are important food items for diving ducks. 
Fontigens , Somatogyrus, and A. lustrica were used most heavily 
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Table 12. Mean number of snails per square meter and 
percentage of samples containing various species 
in Pool 19 between Dallas City, Illinois, and 
Keokuk, Iowa. Data based upon a total of 120 
ponar dredge samples randomly selected. The 
screen mesh was too large to retain Fontigens 
Samples with organism {%) Mean/m^ 
Physa 10.8 3.0 
Amnicola ' .2 .2 
Somatogyrus 43.3 22.5 
Fonti gens ( ? )  24.7 
Campeloma 22.5 7.6 
Li oplax 35.8 17.9 
Viviparus 19.2 5.7 
Valvata 0 0 
PIeurocera 11.7 4.3 
^Population of Fontigens determined from core-samples taken 
at 71 stati ons. 
(Thompson, 1969). Somatogyrus constitutes a much greater 
energy source because it is larger. 
Pelecypoda 
Three species of Pi si di um and four species of Sphaeri urn 
were present in Pool 19. 
Sphaeri i dae 
Pisidium compressum 
2- ni ti dum 
P. variabile 
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Sphaeri urn 1acus tre 
§.* simile 
s tri ati num 
_S. transversum 
trans vers urn and striati num enjoyed wide distribution 
with the former comprising more than 99 per cent of the total 
sphaeriid population between June and December. Being larger, 
S^. s tri ati num was somewhat more important by weight and made 
up nearly 4 per cent of the total biomass. In spring, S^. 
s tri ati num was relatively more abundant and comprised a greater 
percentage of the total sphaeriid population. 1acustre 
was found only at transect 3 station 1 and in Hoenig's slough. 
Because of low densities this clam was not collected during 
systematic sampling. A single empty shell of S^. simile 
was found at station 6. Pi si di urn spp. occurred at station 6 
and station 1. Because of its small size, 1 ojtf. density, and 
restricted distribution it was unimportant as a food source 
for waterfowl and fish. 
During 1930 and 1931 Dr. Max M. Ellis surveyed the 
naiades (Unionidae) of the Mississippi River from Cairo, 
Illinois, to Point Au Sable, Minnesota. Ellis' data on 
clams have been summarized (van der Schalie and van der 
Schalie, 1950) and grouped into 14 zones. The species found 
by Ellis in zone 8 (vicinity of Dallas City) and in zone 9 
(vicinity of Montrose and Keokuk) are compared in Table 13 
to those collected in 1966-67. 
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Table 13. Number of mussels collected by Ellis (1930-31) and 
number collected in ponar dredge sampling (1967) 
in Pool 19, Mississippi River. An "X" indicates 
species collected with other gear but absent in 
ponar samples 
1930-31 1966-67 
Amblema (peruviana) plicata 87 X 
Anodonta grandis corpulenta 22 X 
A. imbecillis 12 29 
Arcidens confragosus 0 X 
Carunculina parva 0 X 
Fusconaia ebenus 1 0 
F. flava form undata 24 X 
Lampsilis anodontoides 3 X 
L. ventricosa 14 X 
Lasmi^ona complanata 6 0 
Leptodea fraqilis 48 2 
L. laevissima 9 0 
Ligumia recta 2 X(dead) 
Megalonaias qiqantea 9 2 
Obliquaria reflexa 26 2 
Obovaria olivaria 11 1 
Plagiola lineolata 0 X 
Proptera alata 10 X 
Quadrula nodulata 24 0 
pustulosa 20 3 
Q. quadrula 59 4 
Strophitus rugosus 1 0 
Tritoqonia verrucosa 0 X(dead) 
Truncilla donaciformis 23 9 
T. truncata 0 X 
Total species 20 20 
Apparently, there has been little, if any qualitative 
change in the mussel fauna of Pool 19 between 1930-31 and 
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1966-67. Ellis found five species that were not found in 
1966-67. Two, £. ebenus and S. ruqosus, were scarce in 
1930-31 and complanata only slightly more abundant. All 
three species may well have been present in 1966 and 1967, 
but were missed because of their scarcity. On the other hand, 
1 aevi ssima, and Q^. nodul ata were relatively abundant in 
1930-31. If the two species were still abundant in 1966-67 
it is not known why they were not collected. They may have 
been discarded in the field after being mistaken for a species 
already collected. Such a possibility is not unlikely. 
Five species collected in 1966-67 were not found by 
Ellis. Of these A. confragosus, 1ineolata and T. truncata 
were not abundant. parva was fairly common in backwater 
areas adjacent to transect 3 station 1, but such areas may not 
have been sampled extensively by Ellis. Empty shells of T. 
verrucosa were found occasionally in 1966-67. A local 
"clammer" reported that the T. verrucosa he found were 
always empty. It is probable that all five species were 
present in 1930-31, but were not collected because of low 
densi ties. 
It is apparent that too few ponar dredge-'samples 
(Table 13) were taken to accurately measure the relative 
abundance of mussels in Pool 19. However, imbeciHis 
was clearly the most abundant species between Dallas City 
and Keokuk. It was well distributed in a variety of 
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substrates where water depths ranged from less than 0.5 
meters to over 7 meters. 
Ellis found A. plicata (as A. peruviana) to be most 
abundant. Ellis' 16 sampling stations do not appear to have 
been randomly selected but appear to have been fairly rep­
resentative of the area. Probably the relative abundance of 
the more common species is fairly accurate. It is uncertain 
why A. imbeci11 is has become more abundant than A. piicata. 
The change may be due to a decrease in the numbers of A. 
pii cata, an increase in the number of A. imbeci11 is or a 
combination of both. The environment may be becoming better 
suited to A. imbeci11 is as siltation continues, or it may 
be that the commercial harvest of piicata has lowered the 
population. Thin shelled clams such as A. i abaci His have 
no commercial value; whereas, the thick shelled A. pli cata 
is quite desirable. However, after 1920 commercial clamming 
all but disappeared on the upper Mississippi and has only 
recently revived somewhat as a market for mussel shells 
developed in Japan (Nord, 1967). In 1965 only 218,200 pounds 
of shells were marketed in Illinois from the Mississippi 
river (Lyles, 1967, p. 497). Since only a fraction of the 
Mississippi River total would come from Pool 19 it is question­
able if such limited harvest could greatly modify the clam 
population . 
In addition, a few clams are collected by fishermen for 
fish bait but the number is insignificant. Mussels do not 
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appear to be widely utilized for human consumption in the 
vicinity of Fort Madison, in spite of the fact that they 
are easily collected and quite delicious. When clams are 
prepared for the shell market the soft parts are removed 
and discarded or utilized for hog feed. At the same time, 
canned clams are shipped from the sea coast to local groceries. 
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DESCRIPTION OF SPHAERIUM TRANSVERSUM 
T axonomy 
Until recently the family Sphaeriidae in North America 
contained four genera: Pisidium, Sphaeri urn, Musculiurn and 
Eupera. Herrington (1962) revised the Sphaeriidae and 
eliminated Musculiurn as a valid genus, placing Muscul iurn into 
the genus Sphaeri urn. Other researchers s.uch as Heard (1968, 
personal communication) argue that Musculium is a valid genus 
on account of differences in fecundity and shell characteris­
tics. In this paper, the classification system proposed by 
Herrington was adopted. Sphaeri um transvers um and Sphaeri um 
1acus tre were formerly in the Musculi um group. 
Data on fecundity, embryo attachment, and calyculus 
formation, presented in this paper may have taxonomic and 
evolutionary significance. 
Distribution and Abundance 
Sphaeri um transversum is widely distributed and has 
been reported from 28 states, 5 provinces of Canada, and 
from Mexico and Europe (Herrington, 1962). It is found in 
temporary ponds, lakes, streams, and rivers in a variety of 
substrates. Generally, S^. trans vers um is considered to be 
"rather scarce" (Herrington, 1962), but in Pool 19, it was by 
far the most abundant sphaeriid. In many portions of Pool 19, 
S^. transversum was tremendously abundant and sometimes 
2 
exceeded 100,000/m . Likely, the densities of S^. transversum 
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in Pool 19 were as high or higher than those that have been 
recorded for any species of sphaeriid. For example. Hunter 
(1964) stated, "In a suitable locality densities of 
Sphaeri urn corneum up to 1420 per square meter occur in 
patches." Both Pennak (1953) and Reid (1961) indicated that 
densities of sphaeriids in favorable habitats may reach 
5,000 per square meter or more. In 1915, Richardson (1921), 
who investigated the benthos of the rich Illinois River, 
reported up to 4,182 S^. transversum (as M. transversum) per 
square meter. In 1960, Carlson (1968) found a maximum of 
12,131 S^. trans vers um per square meter in Pool 19 of the 
Mississippi River. Paloumpis and Starrett (1960) reported 
densities of over 24,000 sphaeriids per square meter in 
Middle Quiver Lake on the Illinois River in 1952. The total, 
however, included more than one species. 
In Pool 19, S^. transversum was found at water depths 
ranging from a few centimeters to over 11 meters. In the 
laboratory, S^. trans vers um grew and reproduced in less than 
4 cm of water. Clams occurred in a variety of substrates 
including sand, gravel, silt, clay, and combinations of 
these types. The only areas devoid of S^. transversum were 
current-swept bare rock and sandy shore areas subject to wave 
action. 
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Size and Shell Characteristics 
S^. transversum is a large sphaeriid, long and somewhat 
rectangular in shape. Specimens exceeding 13 mm in length 
and 6 mm in width, although scarce» were found several times. 
One specimen collected at transect 3 station 1 in March, 1968, 
was 15.9 mm long and 8.1 mm wide (Plate I, A). The length 
of the clam's shell is that distance from the anterior to 
posterior end; the height is that distance from the dorsal 
surface of the umbones to the ventral edge; and the width 
is the distance from one valve to the other, through the 
thickest portion. 
Unlike the shell of the unioniids, which has three 
layers, the shell of sphaeriids is reported to have two 
layers, with the nacreous layer being absent (Clench, 1959; 
Klots, 1966; Heard, 1968). Rosso (1954) indicates that at 
least one sphaeriid, S^. transvers um (as M. trans vers um) , has 
the nacreous layer as well as the prismatic layer and the 
peri OStracum. 
The thin shell of S^. trans vers um is fragile and may or 
may not be calyculate or "capped" (Plate I, H). Many of the 
internal structures, such as the intestine, can be observed 
through the shell, providing the periostracum is free of 
deposits and discoloration. Frequently, the outline of some 
of the embryos, in the parent's gills, can be observed through 
the shell. With magnification and proper lighting the heart 
of a young clam can be observed beating. The valves are pale 
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and yellowish-brown in color. Usually, the periostracum is 
dull, but, occasionally, glossy clams with a light greenish-
brown color may be found. During January and February of 
1967, unusually discolored S^. transversum were found at 
transect 3 station 1. The dark color was not restricted to 
discrete spots but covered most of the shell. Most of the 
discoloration disappeared after the clams were placed in 
10 per cent formalin for a few days. The discoloration may 
have been due to a build up of H^S in the substrate during 
periods of ice cover. 
As 2- transversum grows, the form of the shell under­
goes a gradual change, becoming proportionately wider and 
lower as length increases (Table 14). The width of small 
clams (1.9-2.4 mm long) was about 36-37 per cent of the 
length, while the height was approximately 75 per cent of 
the length. By the time the clams became 7.9-8.4 mm long, 
the width was about 46 per cent and the height about 72 per 
cent of the length. Changes continued as the clam grew. 
Calyculate clams 2-3 mm in length were slightly wider than 
non-calyculate clams of the same length. The difference is 
due to the fact that when the clam is small the calyculus 
covers nearly the whole shell and its thickness is included 
in the width measurement. Later, as the clam grows along the 
ventral edge, the calyculus remains near the umbone and is no 
longer included in the width measurement. 
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Growth form early in life was generally similar at 
stations 1 and 6 (Table 14) although the habitats were dif­
ferent. 
However, when the clams at station 6 reached about 8.5 
mm in length they became proportionately thinner than clams 
of the same length at station 1. Since the substrate at 
station 6 was firm and the current fairly swift it is not 
surprising that the clams were somewhat more fusiform. 
Comparison to Other Species 
In Pool 19, S^. transversum might be confused with S^. 
1 acustre (Plate I, B) and S^. s tri ati num. S^. 1 acustre, when 
small, resembles S^. trans versum in shell color and thickness. 
Both have shells with moderately fine striae. The shell 
of S^. 1 acus tre, however, is considerable more truncate, with 
the height being about 90 per cent of the length as compared 
to about 70-75 per cent for trans vers urn. 
In most habitats in Pool 19, s tri ati num has a moder­
ately inflated shell (Plate I, C) with coarse striations and 
does not resemble S^. transversum. However, in areas with 
hard substrates and rapid current, such as in the channel 
area near Nauvoo, Illinois, S^. s tri ati num has a very com­
pressed shell with fine striations (Plate I, G). The com­
pressed form of S^. s tri ati num could be confused with _S. 
transversum. In the field, s tri ati num can be distinguished 
from S^, trans versum by applying pressure to the ends of the 
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Table 14. Changes in relative shell dimensions of 370 
randomly selected S^. transversum from transect 3 
station 1 in December» 1967» and from station 6 
in August, 1967 
(Transect 2 Station 
Size Class Total Length Width Height . 
(length-mm) Clams (mean) (mean) (mean) W/L H/L 
1.9-2.4 28 2.17 .80 1.62 .37 .75 
2.5-3.0 7 2.83 1.10 2.11 .39 .75 
3.1-3.6 5 3.36 1.38 2.50 .41 .74 
3.7-4.2 7 3.98 1.67 2.96 .42 .74 
4.2-4.8 12 4.49 1.91 3.39 .43 .75 
4.9-5.4 8 5.13 2.25 3.84 .44 .75 
5.5-6.0 10 5.90 2.56 4.37 .43 .74 
6.1-6.6 7 6.33 2.81 4.70 .44 .74 
6.7-7.2 14 7.00 3.15 5.08 .45 .73 
7.3-7.8 8 7.57 3.43 5.53 .45 .73 
7.9-8.4 10 8.07 3.72 5.81 .46 .72 
8.5-9.0 16 8.83 4.13 6.33 .47 .72 
9.1-9.6 4 9.30 4.50 6.70 .48 .72 
9.7-10.2 9 9.90 4.72 6.85 .48 .69 
10.3-10.8 12 10.47 5.03 7.27 .48 .69 
10.9-11.4 18 11.13 5.37 7.66 .48 .69 
11 .5-12.0 11 n .81 5.70 8.05 .48 .68 
12.1-12.6 2 12.25 5.95 8.45 .48 .69 
12.7-13.2 2 13.45 6.35 9.45 .47 .70 
13.3-13.8 
?Width/length ratio. 
Height/length ratio. 
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Table 14 (Continued) 
(Transect 3 Station 6) 
Size Class 
(length-mm) 
Total 
Clams 
Length 
(mean) 
Width 
(mean) 
Height 
(mean) W/L* H/L^ 
1.9-2.4 21 2.21 .80 1.65 .36 .75 
2.5-3.0 9 2.54 .95 1.91 .37 .75 
3.1-3.6 • 2 3.60 1.50 2.75 .42 .76 
3.7-4.2 14 4.05 1.68 2.95 .41 .73 
4.3-4.8 13 4.55 1.92 3.35 .42 .74 
4.9-5.4 17 5.05 2.22 3.72 .44 .74 
5.5-6.0 5 5.72 2.56 4.18 .45 .73 
6.1-6.6 7 6.31 2.76 4.54 .44 .72 
6.7-7.2 9 7.02 3.11 5.09 .44 .73 
7.3-7.8 10 7.48 3.41 5.35 .45 .72 
7.9-8.4 6 8.15 3.73 5.90 .46 .72 
8.5-9.0 17 8.85 4.08 6.32 .46 .71 
9.1-9.6 12 9.43 4.38 6.63 .46 .70 
9.7-10.2 6 9.82 4.52 6.85 .46 .70 
10.3-10.8 7 10.58 4.84 7.27 .46 .69 
10.9-11.4 9 11 .07 5.04 7.61 .45 .69 
11.5-12.0 4 11 .82 5.23 8.23 .44 .70 
12.1-12.6 5 12.34 5.66 8.52 .46 .69 
12.7-13.2 S 12.92 5.94 9.10 .46 .70 
13.3-13.8 2 13.45 6.35 9.45 .47 .70 
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shell with the thumb and the forefinger. If the specimen 
is S^. transvers urn, the ventral edge of the shell will gape 
with a slight pressure. If slightly more pressure is exerted, 
the shell will crumble. If the specimen is S^. striatinum. 
it will have a thicker shell that will not gape even when 
strong pressure is applied. It is unlikely that many per­
sons could crush the shell of S^. stri ati num with their 
fi ngers. 
Calyculus Formation 
The calyculus or "cap" is the bulging upper portion of 
the beak or umbone of the sphaeriid shell (Plate I, H). The 
calyculus consists of the shell of the nepionic young 
(Thomas, 1965) and is separated from the rest of the shell, 
by a sulcus. In Pool 19, some of the S^. transversum are 
distinctly calyculate and others are distinctly non-calyculate. 
Frequently, intermediates are found in which the nepionic 
shell is distinct but is not elevated above the surface of 
the adjoining shell. Such shells were not considered 
calyculate. 
The fact that transversum occurs in calyculate and 
non-calyculate forms has long been recognized (Sterki, 1909). 
The significance of the calyculus and the reason it is 
sometimes absent have not been explained. Herrington (1968, 
personal communication) suggested that "capped beaks" might 
be a result of a rest period. In any event, the presence of 
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calyculi is one of the characters used to justify the 
validity of Musculiurn as a genus. Herrington (1962) sug­
gested that calyculi are of little value as taxonomic char­
acters because they are occasionally found in groups other 
than Musculiurn. In addition» the presence of calyculi within 
a species is variable. 
During the course of periodic sampling, the relative 
frequency of calyculate clams diminished progressively 
between May and September (Table 15). Tables 18, 19, and 20 
contain further observations on the presence or absence of 
calyculi on clams at three stations. Clams 3-4 mm long were 
the first to appear without calyculi, in July, (Table 15) and 
clams over 7.0 mm were last to appear without calyculi, in 
September. Clams 2-3 mm long, with the exception of those in 
May and December, usually did not contain a calyculus. Proba­
bly most of the clams 2-3 mm long had not grown since birth. 
Since the calyculus represents the nepionic shell, it cannot be 
observed until visible post-embryonic growth has taken place. 
Occasionally, during the period from June through November, 
a few calyculate clams 2-3 mm long were observed in the col­
lection but were missed in random selection. 
In June, all clams examined were calyculate except the 
smallest-size group. Most clams over 3.0 mm long in June 
probably had over-wintered as clams 2-3 mm long. In May, only 
clams of the first two size groups were present at station 
14. Unless immigration occurred between May and June or 
unless the area sampled was not the same, the large clams 
Table 15. Number of S. transversum examined and percentage containing calyculate 
shells. Specimens for April and May were pooled from stations 4-10 on 
transect 3. Specimens for June through December were collected at 
transect 4 station 14. Clams 2-4 mm long were present in April but 
were discarded after counting. When more than 10 clams were available 
for one size group the specimens were randomly selected 
Size 
Class Apr May Oun Jul Aug Sep Oct Nov Dec 
( m m )  # % # %  # %  # %  
2-3 10 80 10 0 10 0 10 0 10 0 10 0 10 0 10 90 
3-4 10 100 10 100 10 0 10 0 10 0 8 75 10 50 - - -
4-5 3 33 10 90 10 100 10 70 10 0 10 0 8 63 8 75 1 0 
5-6 6 50 10 100 10 100 10 30 10 0 10 40 6 100 - -
6-7 10 10 2 100 10 100 10 100 10 70 10 0 6 0 4 0 3 0 
CO f 10 10 3 33 10 100 10 100 10 100 10 0 10 0 6 17 1 0 
8-9 10 0 3 33 10 100 10 100 10 100 10 0 5 0 5 20 2 50 
9-10 9 0 2 50 10 100 10 100 1 100 2 0 1 0 3 0 1 0 
10-11 2 0 10 100 10 100 1 100 
11-12 2 100 1 100 
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of June were the small clams of May. Thus, clams which over­
winter as small clams 2-3 mm long» presumedly before growing, 
become calyculate as growth commences the following spring. 
In July, all clams 3-4 mm long and 70 per cent of those 
4-5 mm long were non-calyculate. Apparently, these were 
born in June or July of 1967. By August, non-calyculate 
clams 6-7 mm long were beginning to appear. In August, 
a major die off of clams in large size classes occurred, and 
by September, only non-calyculate clams were present. The 
absence of calyculate clams means that the entire population 
at station 14, in September consisted of clams born in 1967, 
probably since May. 
In October, calyculate clams re-appeared, with smaller 
clams becoming calyculate. During November and December, 
the population included both calyculate and non-calyculate 
clams. Ninety per cent of the clams from 2-3 mm long were 
calyculate in December. Over-wintering is not essential for 
calyculus formation; however, all clams which over-wintered 
were calyculate, while only a portion of those born between 
September and December were calyculate. 
It was not likely that the environmental conditions 
influencing clam growth in September were equivalent to 
those in early spring affecting clams that had over-wintered. 
Possibly, different environmental factors might influence 
shell development. Thiel (1930) concluded low oxygen levels 
in the water modified the growth form of S^. corneum. The 
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possibility that an initial period of no growth (resting-
state) influences subsequent shell development appears 
plausible. 
An opportunity to partially investigate the latter 
possibility resulted from growth experiments conducted in 
the laboratory during 1967. The growth experiments are 
discussed more fully in the section on growth and longevity. 
In brief, some newly-born young placed into growth chambers 
1-9 (Table 21} failed to grow for 33 days after birth. Some 
grew only a little and probably had an initial lag in growth. 
Two clams in chamber 7 grew well. On the other hand, some 
clams in chambers 19-27, which were born about the same time 
but were not handled, grew rapidly. Because the total 
increase in size of the larger clams in chambers 19-23 and 
26 was great, it is likely that they did not have an initial 
growth lag. 
All of the surviving clams in chambers 1-7 and 9 
eventually grew and became calyculate by the time they were 
preserved in November. It is not known if the parental stock 
in chamber 8 became calyculate because it was impossible, in 
November, to differentiate between offspring and parents. In 
most instances identification of parental stock was not 
difficult. The parents were more heavily encrusted with dark 
deposits on the periostracum (Plate I, E and F) and were almost 
always larger. In some chambers none of the offspring present 
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in November exceeded the size the parents had been in August 
and the belief that darker clams were parental stock could 
be substantiated. 
In November, it was difficult to differentiate between 
first and second generation offspring in chambers 19-27. 
However, many clams could be distinguished, using size and 
color as a basis of determination. Of 11 clams that could 
be positively distinguished as first generation, 9 were 
non-calyculate. In chamber 27, the clams had grown only 
slightly by November. Two of the three were calyculate. 
In Table 21, calyculate clams are identified by the letter 
"C" preceeding the clam's length. Non-calyculate clams are 
indicated by an "N". When no letter preceeds the size, the 
clam could not be distinguished in November. 
The foregoing data indicate that the presence or 
absence of calyculi in S^. transversum is not hereditarily 
determined within the species. It is apparent that a much 
higher percentage of clams in chambers 1-9 were calyculate 
than in chambers 19-27. If calyculus formation were geneti­
cally determined the proportion of calyculate clams in both 
sets of chambers should have been approximately the same. 
Certainly there is no reason to believe that distribution 
of genotypes in the chambers was not random. 
Moreover, if we assume that calyculus formation is 
genetically determined by simple Mendalian laws, the fact 
that all of the generation stocked in chambers 1-9 became 
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calyculate would indicate the parents were homozygous. Had 
the parents been heterozygous either 1/4 or 3/4 of the 
offspring, depending upon whether the gene for calyculism was 
dominant or recessive, should have been non-calyculate. 
Clearly, the results do not fit a 3:1 ratio. To proceed 
further, if the F-j generation was homozygous the Fg genera­
tion would also be homozygous for calyculism. In many 
instances, some of the F^ generation were non-calyculate. 
Observations of the clams in chambers 19-27 also sup­
port the conclusion that calyculism is an expression of 
phenotype rather than genotype. The large clams stocked in 
chambers 19-27 were almost certain to have been calyculate. 
Clams collected from the same site and of the same size as 
those stocked in chambers 19-27 were calyculate in July 
(Table 15). Since the F^ generation in many chambers was non-
calycul ate, the parental stock must have been heterozygous if 
the trait were genetic. Whether or not cross fertilization 
occurred in the field is of no importance because all larger 
clams were calyculate. Had the parents been heterozygous, 
the gene for calyculism would, of necessity, have been domi­
nant. Consequently, the F^ generation would have had a ratio 
of calyculate over non-calyculate clams of 3:1. Such a ratio 
was not observed. 
The conclusion that calyculism is not genetically 
determined is also supported by observations of clams col­
lected in the field. It can be seen (Table 15) that 
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calyculate clams in June, July, and August produced non-
calyculate young. It might be contended that calyculate 
young were selected against and removed from the population 
before they could be observed. In laboratory growth experi­
ments, the possibility of differential mortality of young 
was eliminated. 
Whether S_. transversum is calyculate or non-calycul ate 
depends upon environmental stimuli in some instances, and 
perhaps in all. The data further suggest that a resting-
state, in some instances at least, is associated with calycu-
1 us formation. This does not necessarily indicate a cause 
and effect relationship. It is possible that the stimulus 
or stimuli causing the resting-state also caused the 
calyculus to be formed. The latter possibility is supported 
by the fact that some clams in chambers 1, 6, and 7, that 
became calyculate, grew more during the first month of the 
experiment than did the two largest clams in chamber 26 which 
were non-calyculate. It should be remembered, however, that 
the birthdate of the offspring in chambers 19-27 is not known-
It would be possible, therefore, for a 5 mm clam born in 
chamber 26 in late July to have grown more rapidly than a 
5 mm clam in chamber 7, which was born on July 21. It would 
also have been possible for the two clams to have grown 
equally as fast, once growth began. The older clam could 
easily have had an initial lag in growth, causing its total 
growth to be equal to that of the younger clam. 
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It is not known what stimulus elicits the resting-state 
in clams existing in the natural environment. Nor, is it 
certain what stimulus elicited a resting-state in laboratory-
reared clams. Yet, by examining the methods in which the 
clams in chambers 1-9 and 19-27 were treated, certain clues 
may be discovered. Clams placed in chambers 1-9 were 
born in a pan of river water, picked up with a camel-hair 
brush, measured with an ocular micrometer, and placed into 
a vial of water until a total of four were collected. The 
vial of clams and water was then poured into the proper 
chamber. The small clams in chambers 19-27 were born there 
and were not measured or otherwise handled until August 23 
when the chambers were cleaned. 
Possibly the temperature of river water in the pan hold­
ing the parental stock may have changed. Although none of 
the newly born young were in the pan longer than an hour 
the process of gathering young from the pan and measuring 
them consumed almost an entire afternoon. Certainly it was 
ample time for the water temperature to have changed. 
Another stimulus that might have elicited a resting 
state was tactile stimulation. In addition to being handled 
with a brush, the clams born in the pan were frequently 
pushed about by the larger clams in the pan. The fact that 
some young were born in the well lighted pan while others 
were born in subdued light in the laboratory may have been 
important. The last major difference which was noted 
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was the fact that chambers 19-27 contained the dead and 
decomposing parent of the small clams. It seems unlikely 
that the factors causing a resting-state in the laboratory-
reared clams and those in the field were the same. It may 
be that the resting-state can be caused by more than one 
stimulus. 
Thomas (1965) briefly described calyculus formation in 
2. partumeium. She indicated that some of the clams reared 
in the laboratory showed a lag in growth while others did 
not. However, no indication was given that any of the clams 
were non-calyculate. 
Food Habits 
The gut contents of several S^. transvers um were examined 
microscopically to determine food habits; all contained 
phytoplankton. A list of the phytoplankton in the guts of 
two clams is presented (Table 16). The plankton was 
identified by Mr. Rex Lowe, graduate student in the Depart­
ment of Botany at Iowa State University. The clams were 
collected in July, 1968, at stations 1 and 6. The clams were 
preserved in 10 per cent formalin prior to being examined. 
The clam from station 1 contained 19 genera of algae belong­
ing to 4 phyla and the clam from station 6 contained 10 
genera and 3 phyla. Stephanodiscus sp. predominated in the 
clam from station 6 but was scarce in the clam from station 1. 
Melosi ra sp., Osci11atori a sp., and Scenedesmus sp. were most 
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Table 16. Algae in the guts of two S^. transvers urn from sta­
tions 1 and 6 in Pool 19, Mississippi River, July, 
1968. An "X" indicates genera present and 
parentheses indicate more abundant forms 
Algae Station 1 Station 6 
Phylum Chlorophyta 
Golenkinia sp. X 
Coelastrum sp. X 
Ankistrodesmus sp. X X 
Nephrocytium sp. X 
-Oocystis sp. X 
Schroederia sp. X 
Cruciqenia sp. X 
Scenedesmus sp. (X) 
Cosmarium sp. X X 
Unidentified X X 
Phylum Euglenophyta 
Trachelomonas sp. X 
Phylum Chrysophyta 
CycTotella sp. X (X) 
Melosira sp. (X) (X) 
Stephanodiscus sp. X (X) 
Fraqilaria sp. X 
Cocconels s p. X 
Navlcu]a~sp. X 
Cymbelli" X 
Nitzschia X 
Phylum Cyanophyta 
Meri smopedia X 
Microcystis X 
Osci1latoria (X) X 
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abundant in the clam from station 1. The greater diversity 
of phytopiankton in the clam from station 1 may reflect a 
more diverse flora at the vegetated backwater station. 
Monthly samples of 20 clams, 4-12 mm long, from station 
1 were examined to determine if they had been feeding. 
Samples were not available for January, May, and September. 
Over 80 per cent of the clams contained food in October, and 
November, 1967, but only 50 per cent contained much food in 
December. In February and March, 1968, none of the clams 
contained much food. By April, 95 per cent of the clams 
contained large quantities of food. The clams continued to 
feed throughout the summer but in July only 35 per cent of 
the clams contained much food. 
Feeding is probably inhibited by low water temperatures 
(Table 34) in winter. Water samples collected in winter 
contained an abundance of phytopiankton. When feeding stops 
growth probably ceases. 
In July, feeding may have been inhibited by low oxygen 
levels (Table 34). Data on water conditions have not been 
obtained for 1958 but conditions probably were fairly simi­
lar to those of 1967. Other unfavorable water conditions 
may have been important. 
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REPRODUCTION OF SPHAERIUM TRANSVERSUM 
Introduction 
Members of the family Sphaeriidae are ovoviviparous and 
hermaphoditic. In some species, and perhaps in all, self-
fertilization may occur. Odhner (1951) found Pisidi urn 
conventus capable of self-fertilization. Thomas (1959) 
reared Sphaerium partumeium (as Musculium partumeium) in 
isolation through six generations, demonstrating that cross-
fertilization is not essential. However, as Thomas points 
out, self-fertilization in the laboratory does not preclude 
the possibility of cross fertilization in the natural envi­
ronment. 
Embryological development occurs within membranous 
sacs (brood or marsupial pouches) located on the outer 
lamella of the inner gill. Okada (1935) provides a detailed 
account of the structure and function of the marsupial sac 
in Sphaerium japonicum (misdetermined as Musculium heterodon). 
Large embryos are liberated from the marsupial sac and lie 
free in the branchial chamber (gill cavity). Okada (1935) 
suggested that the embryos liberate themselves by consuming 
the marsupial sac for nutriment. In my study, embryos of 
S^. transversum less than 1.2 mm long occurred in sacs, while 
those longer than 1.6 mm were free in the branchial chamber. 
In some clams embryos 1.2 to 1.6 mm long were in sacs, but 
in others, embryos were free in the branchial chamber. 
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Mode of embryo nourishment has been investigated 
(Poyarkoff, T910; Schereschewsky, 1911; Gilmore, 1917; 
Groenewegen, 1926; Okada, 1935), but is not completely under­
stood. Embryos within the marsupial sac may obtain nutrients 
from secretions produced by the marsupial sac. Granules 
from the eroding walls of the sac itself are probably 
utilized, also. Embryos no longer in the sac (extra-
marsupial) are thought to receive nurture by consuming 
granules and residue from specialized cells in the "nutriment-
layer" of the branchial chamber (Okada, 1935). 
Extra-marsupial embryos may obtain at least part of 
their nourishment by filtering water from the cloaca! chamber, 
providing that food material has not been completely filtered 
out by the parent. The author observed extra-marsupial 
embryos with greenish-brown gut contents but could not 
determine what the contents were. Since embryos crawl about 
in the branchial and cloaca! chambers (Thomas, 1959) it 
would not be surprising for the embryos to filter for them-
selves. 
In my study, embryos of trans vers um and S^. lacustre 
over 5 mm long were found to be connected to the parental 
gill area by slender filaments, but no filaments were found 
in 2» striatinum. Both extra- and intra-marsupial embryos 
were sometimes attached. Embryos less than 0,5 mm long may 
have been attached, but filaments were not observed. The 
filaments appear to arise in an amorphous mass of tissue 
90  
(probably a remnant of the marsupial sac) attached to, or 
part of, the outer lamella of the inner gill. As the fila­
ments leave the tissue mass they are twisted around one 
another but eventually diverge, with one filament going to 
each embryo. The filament enters the ventral surface of 
the embryo, slightly posterior to the middle, and continues 
dorsad toward the visceral mass and posterior portion of the 
foot. Exact destination of the filament has not been deter-
mi ned. 
The function and structure of the filament is unknown. 
Conceivably, the filaments might serve an umbilical function 
by providing nutriments to the embryo. Without histologically 
sectioning some of the filaments it is impossible to be sure 
of their function. On the other hand, the filaments may be 
byssus threads serving to anchor the embryo to the parent. 
Monk (1928) stated: "In most of the Acephala the byssal 
gland is functional, at least in the younger stages, forming 
a secretion by which the animal is attached. In the 
Sphaeriidae the gland is vestigial." In S^. s tri atinum, the 
species reported upon by Monk, I was unable to detect fila­
ments. If filaments occurred in species which have been 
investigated embryologically they probably would have been 
observed and reported. 
Although I examined only three species, it may be 
significant that the two species containing filaments belong 
to the Musculi urn group. Further investigations are needed to 
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determine which sphaeriid species have embryos attached by 
filaments. Such information might prove extremely valuable 
in helping to clarify taxonomic and evolutionary relation­
ships. 
Embryos of partumeium (as Calyculina truncata) and 
S^. simile contained developed sex organs (Gilmore, 1917). 
No evidence of reproduction by embryos was noted. Thomas 
(1959) reported partumei um to contain fully developed 
gonads when born, but immature gametes. S^. japonicum is 
sexually immature at birth (Okado, 1935). S^. transversum 
becomes sexually mature early in life, also. In my study, 
some clams 4.5 mm long contained brood pouches and develop­
ing young. The clams may have been considerably smaller 
when fertilization occurred, and smaller yet when sexual 
maturity was achieved. If the young are not sexually mature 
at birth, when they are about 2.0-2.4 mm long, they become 
mature shortly thereafter. Almost all clams 5.0 mm long 
contained brood pouches and embryos. 
Foster (1932) working with S^. striatinum (as S^. 
solidulum) found evidence that maximum-sized adults were 
sterile. In the laboratory, S^. partumei um produced young 
until the death of the parent (Thomas, 1959). In S^. trans-
versum, reproduction appears to continue until the death of 
the individual. Over two hundred clams were examined that 
were 7.0 mm long or longer. Except for 12 clams which were 
heavily parasitized all contained embryos (for effects of 
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parasites on reproduction see section on symbionts). In 
fact, larger clams, which generally would be oldest, con­
tained more embryos than those of medium size. Maximum 
sized clams (over 13.0 mm) contained many brood pouches, 
some with embryos too small to be counted. Embryo numbers 
increased with increased parental size in S^. japonicum 
(Okado, 1935), S^. corneum (Thiel, 1930), and in some species 
of Pisidiurn (Heard, 1965). Heard (1965) observed that sev­
eral species of Pi sidi um had distinct periods of reproduc­
tion and periodically became non-gravid. Mature specimens 
of S^. transversum from Pool 19 contained embryos throughout 
the year. Discharge of young may be interrupted by low 
water temperatures. 
Under favorable conditions transversum probably pro­
duces over a hundred offspring. A mean of 105 embryos and 
young were produced by three clams held in growth chambers 
in the Mississippi. Placement of the chambers is described 
more fully in the section on growth. It is not known how 
many of the embryos would eventually have been born or how 
many more embryos might have been produced if the clams had 
lived. Since the three clams exceeded 13.0 mm in length and 
had achieved near maximum size, it is unlikely that they would 
have lived much longer. The presence of few clams in the 
population over 13.0 mm long suggests that once clams reach 
this size they do not live long. The cause of death may not 
be senility. 
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At birth, the young of S^. trans vers urn are, as Monk 
(1928) described the young of striatinum. "relatively 
enormous individuals." It might be added that some embryos 
are relatively more enormous than others. The calyculi 
(embryonic shell) of 131 clams were measured to determine 
how long they had been at birth. A mean length of 2.2 mm 
was derived with a range from 1.8 to 2.8 mm. Nearly 76 per 
cent of the calyculi were from 2.0 to 2.4 mm long. The 
smallest calyculus was 1.8 mm, but smaller clams were found 
in the field. Mature clams brought into the laboratory 
frequently shed large numbers of embryos, many of which were 
1 ess than 1.8 mm. 
The number of embryos in the brood pouch, as well as 
the number of brood pouches, may vary within and between 
species. Gilmore (1917) found up to 24 embryos in S^. 
partumeium with a mean of 7.7 embryos. Embryos less than 
about 1 mm in length were not included in the total count. 
In S^. simile Gilmore usually found only 2, and sometimes 4, 
embryos. Foster (1932) found 2 to 4 embryos in S^. striatinum. 
In July, 1968, I found up to 19 embryos of 4 sizes in £. 
s tri atinum from Pool 19. Van Cleave et al. (1947) found 8 
to 18 embryos in partumei um. Heard (1964) reported 
averages ranging from 15.0 to 27.8 embryos in Pi si di um spp. 
and large numbers of embryos in two species of Eupera. 
Rosso (1952) counted the extra-marsupial embryos of 2-
trans versum and found a maximum of 41 in one clam. Had he 
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counted marsupial embryos the total would have been much 
greater. 
Van Cleave et al. (1947} pointed out that certain species 
of the genus Musculi um appear more prolific than some species 
of Sphaeri um. It was proposed that this difference in 
fecundity might support the retention of Musculium as a genus. 
Herrington (1962) indicated a need for data on more species 
before evaluating the significance of differential fecundity. 
It might be added that more discretion is needed in 
comparing the numbers of embryos in various species. Dif­
ferences in embryo counts may reflect seasonal variation or 
variation in parental size. Moreover, some of the purported 
differences between species may be due to procedural dif­
ferences of various investigators. For example. Heard (1964) 
made embryo counts by sealing clams in vials of water and 
permitting them to decay. Later, embryonal shells were 
counted. Thus, embryos too small to have a shell were not 
counted. On the other hand, Gilmore (1917) surgically 
removed the embryos, down to 0.5 mm in length, and is likely 
to have counted embryos without shells. 
Frequently, it was not indicated how clams were handled 
before preservation. If the clams were not killed immediately 
after being collected, some young may have been discharged. 
Thomas (1959) was unable to associate birth with handling of 
mature S^. partumeium. Van Cleave et al. (1947), also working 
with partumeium, found that, "gravid individuals frequently 
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shed young prematurely when handled." I observed that 
handling and/or associated stimulus changes frequently 
resulted in release of embryos by S^. trans vers um. In this 
study, handling of clams was associated with an alteration 
of the environment, and effects of each upon birth rate can­
not be ascertained. In this instance, the fact that premat­
ure births occurred is important. The cause of such births 
is less pertinent. 
To document the effects of stimulus change (produced by 
handling, confinement, etc.) upon birth rate in trans-
versum, a brief experiment was conducted. During October, 
1968, 40 adult clams from 10.0 to 13.4 mm long were collected 
and placed into individual vials (17 x 55 mm), abeut 3/4 
full of river water. Young discharged in the vials were 
counted periodically (Table 17). After 40 hours the embryos 
Table 17. Cumulative percentage of adult transvers um 
discharging young and mean cumulative number of 
young discharged 
Hours in Vial .5 2.0 16.0 28.0 40.0 65.0 87.0 110.0 
Temp. (°C) 19.4 20.0 20.0 20.0 20.0 24.4 25.0 23.3 
Clams dis- 35.0 45.0 55.0 65.0 80.0 92.0 97.0 100.0 
charging young 
(%) 
Mean number 1.4 2.1 3.9 4.7 6.3 7.4 8.4 9.2 
di scharged 
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were removed from each vial so that comparisons could be 
made between sizes of embryos discharged. 
Within 30 minutes 35 per cent of the clams discharged 
an average of 1.4 young. Had water temperatures been higher 
the discharge rate probably would have been faster. Within 
about 4 days all clams had discharged from 1 to 22 young. 
The young discharged during the first 40 hours tended to be 
larger than those discharged later. For comparison, the 
young from four clams which had discharged many individuals 
were measured. Thirty-seven young discharged during the 
first 40 hours averaged 2.16 mm (SD + .58) in length, while 
18 clams discharged later averaged 1.54 mm (SD + .57). 
Size differences were most pronounced in vials where many 
young were discharged. The smallest clam discharged was 
1.2 mm long. Rosso (1952) reported that S^. transversum tends 
to discharge its larger young first. Occasionally, a few 
extra-marsupial embryos were smaller than the largest 
marsupial embryo in the same parent. 
It is evident that many of the smaller clams had been 
discharged prematurely. Why and how the marsupial embryos 
are released from their pouches remains unexplained. Nor, is 
it understood how the extra-marsupial embryos are released 
from their connecting filaments. 
Since almost nothing has been reported on the reproduc­
tive habits of S^. transversum, limited observations were made 
on some facets of reproduction. Early phases (gametogenesis. 
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fertilization, etc.) of the reproductive cycle were not 
within the scope of this investigation. Rather, an attempt 
was made to associate embryo numbers with parental size, 
season, and habitat. 
Procedures for Embryo Counts 
The S^. transversum were collected from stations 1 and 
6 on transect 3, and from station 14 on transect 4 for 
examination. During July, 1967, when clams were first col­
lected for embryo analysis, station 6 had a standing crop 
of 4,550 clams per square meter while station 14 had 42,000 
clams. It was thought that different densities might effect 
fecundity. Monthly collections were made at stations 6 and 
14 from July through October, 1967. It was not possible to 
reach stations 6 and 14 in December, 1967, because of thin 
ice covering parts of the river. It was possible to obtain 
samples near shore at station 1. Additional samples were 
collected at station 1 in February, March, and April, 1968. 
Clams were collected at all three stations during June, July, 
and August, 1968. 
Clams were collected about 15 to 20 meters downstream 
from regular sampling stations with a garden rake covered 
with hardware cloth. Immediately after screening, the clams 
were placed in 10 per cent buffered formalin to prevent dis­
charge of embryos. 
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During examination, the inner gills were surgically 
removed and the number of embryos occurring in each gill 
recorded. Embryos could be distinguished and counted when 
about 0.3 to 0.4 mm long, well before a definite shell was 
formed. When possible, five adult clams from each of four 
size groups, (A) 5.5 to 6.0; (B) 7,0 to 7.5; (C) 9.5 to 
10.0; and (D) >12.0 mm in length, were examined. Frequently, 
clams of the largest size group were not present at the time 
of sampling. Although several thousand clams were collected 
in August, 1968, clams exceeding 8.0 mm long could not be 
found at stations 6 and 14. Since only size groups A and B 
were present no embryological examinations were made. Clams 
5.5 to 6.0 mm long almost always contained embryos so little-
developed they could not be reliably counted. Therefore, 
data for size group A are not included. 
Prior to examination, clams were measured to the nearest 
0.1 mm, using a vernier caliper; embryos were measured using 
an ocular micrometer. Embryos were placed into three size 
categories based on length: <1.0 mm; 1.0 to 2.0 mm; and 
^2.0 mm. 
Results and Discussion 
Except during July and August, at station 14, larger 
clams had greater mean numbers of embryos than smaller 
individuals (Tables 18, 19, 20). From 29 to 80 embryos 
occurred in clams >12.0 mm long (size group D). Of the 
Table 18. Monthly changes in numbers and the lengths of embryos found in three 
sizes of adult S^, trans vers um at station 6 transect 3 during 1967 and 
1968 
Embryo size groups 
(length in mm) 
Sampling Mean adult Adults Adults >2.0 1.0-2.0 <1.0 Total/ 
period length (mm) examined capped TMean number embryos/adult) adult 
1967 - - - - - - -
Jul 9.8 5 5 2.8 5.2 9.2 17.2 
7.3 5 3 .4 2.6 5.8 8.8 
Aug - - - -
9.6 5 2 2.6 6.2 12.0 20.8 
7.2 5 0 .8 6.6 6 .6 14.0 
Sep m m, « - P. -
9.6 5 0 2.4 2.8 8.8 14.0 
7.3 5 0 .8 1 .6 5.8 8.2 
Oct - m. 
9.3 5 0 2.6 3.0 12.6 18.2 
7.3 5 0 1 .6 2.0 5.4 9,0 
1968 12.9 5 5 5.8 11 .4 24,0 41 ,2 
Jun 9.7 5 5 1 .8 4.6 19.2 25,6 
7.2 5 3 0 .8 7.4 8,2 
Jul 12.7 5 4 2.0 4.0 24.4 30.4 
9.8 5 5 1 .8 1 .2 13.0 16.0 
7.3 5 2 .2 1 .6 11 .6 13.4 
Table 19. Monthly changes in numbers and the lengths of embryos found in three 
sizes of adult S. transversum at station 1 transect 3 during 1967 and 
1968 
Embryo size groups 
(length in mm) 
Sampling Mean adult Adults Adults >2.0 1.0-2.0 <1,0 Total/ 
period length (mm) examined capped {Mean number embryos/adult) adult 
1967 12.5 5 1 
C
M
 
6.1 13.7 22.2 
Dec 9.8 5 0 1 . 1  3.0 8.8 12.9 
7.0 4 1 0 ,7 4,7 5.4 
1968 12.2 5 0 1 .4 6.8 15.6 23.8 
Feb 9.8 5 0 1 .0 4.8 6.7 12.5 
7.3 5 0 0 .2 4.4 4.6 
Mar - - - m F. 
9.6 5 0 0 6.2 10.9 17.1 
9.2 5 0 0 1 .2 8.8 10.0 
Apr 12.3 3 1 8.6 18.7 16.2 43.5 
9.8 5 0 2.2 9.0 7.7 18.9 
7.1 5 3 0 0 8.2 8.2 
Jun 12.9 5 4 6,8 20.8 17.3 44.9 
9.7 5 4 1 ,4 9.0 11.6 22.0 
7.2 5 2 0 3.2 5 .5 8.7 
Jul 12.6 5 5 1 .5 4.3 11 .0 16.8 
9.8 5 2 1 .9 2.0 9.0 12,9 
7.3 5 1 .1 .7 5 .5 6.3 
Aug « - - - - -
9.8 5 2 .8 2.1 7.7 10.6 
7.3 5 1 0 .4 5 ,8 6.2 
Table 20. Monthly changes in numbers and the lengths of embryos found in three 
sizes of adult S^. transversum at station 14 transect 4 during 1 967 and 
1968 
Sampling Mean adult Adults Adults 
period length (mm) examined capped 
Embryo size groups 
(length in mm) 
TO f.0-2.0 <1 .0 
TMean number embryos/adult) 
Total/ 
adult 
1967 
Jul 9.8 
7.6 
5 
5 
5 
5 
. 2  
. 6  
1  . 2  
3.0 
6.2 
7.6 
7.6 
n .2 
Aug 
9.4 
7.3 
5 
5 
4 
3 
. 8  
1  . 6  
1 . 0  
0 
2.4 
5.2 
4.2 
6,8 
Sep 
9.3 
7.1 
3 
5 
0 
0 
3.7 
. 6  
4.7 
2.6 
7.3 
4.6 
15.7 
7.8 
Oct 
9.2 4 0 2.3 3.3 7.7 13.3 
7.2 5 0 1 .4 2.0 7.6 11.0 
1968 12.9 5 5 9 .0 13.0 26.0 48.0 
Jun 9.5 5 5 3.4 10.4 17.6 31 .4 
7.2 5 5 0 3.4 7.2 10.6 
Jul 13.2 5 5 3.6 4.8 20.6 29.0 
9.8 5 3 .4 1 .0 15.6 17.0 
7.3 5 4 .2 1 .4 9.0 10.6 
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80 embryos in one clam, 15 were at least 2.0 mm long, while 
36 were 1.0 mm long or longer. Clams of size group C (9.5 
to 10.0 mm long) contained from 5 to 49 embryos, while clams 
of size group B (7.0 to 7.5 mm long) contained only 4 to 23 
embryos. Parasitized clams sometimes contained no young. 
Larger clams also contained more size groups of embryos 
than did smaller clams. Clams of size group D frequently 
contained embryos of four major sizes on each gill. Addi­
tional pouches appeared to contain developing young. Pouches 
containing embryos about 1,0-1.5 mm long often contained a 
single embryo about .5 mm long. Van Cleave et al. (1947) 
said of S^. partumeium, "in no instance have embryos, small 
marsupial young and large marsupial young been observed in 
the same individual." 
Clams from stations 6 and 14 contained similar numbers 
of embryos, except in July and August, 1967, when clams at 
station 14 contained few embryos. In July, 1968, clams from 
station 14 contained more embryos than clams from station 6. 
During other sampling periods differences were small. In 
July, 1967, the clam population at station 14 was almost 10 
times that of station 6, but by October the population was 
higher at station 6. Effects of population density on embryo 
abundance remains undetermined. 
The mean number of embryos per adult was highest during 
June, 1968. By July, numbers of embryos in larger clams, sizes 
8 and C, dropped markedly. The reduction was probably due 
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to increased births, but could have been caused by a lower 
rate of embryological development. Tremendous increases in 
numbers of small clams in the field (Fig. 14) indicates that 
birth rate was probably high. 
In July, 1968, clams of size groups B and C contained 
more embryos than in July, 1967. Clams of size group D were 
present at both stations in July, 1968, but absent during 
July, 1967. The crash in the numbers of large clams occurred 
in August, 1958. Thus, the greater abundance of embryos in 
July, 1968, may have been due to the population lag. 
At station 1 (Table 19) the average number of embryos was 
highest in June but dropped sharply by July. Changes appear 
to have been similar at stations 6 and 14. By August, clams 
of size group D had disappeared, but size group C was still 
present. At stations 6 and 14 size group C disappeared also. 
It appears that birth rate was greatest in late spring and/ 
or early summer. Embryos of all sizes were abundant in 
April and June. Embryos may not be born during the winter 
and accumulate within the parent. Thomas (1959) found that 
S^. partumeium in temporary ponds did not extrude young until 
June. 
About 15 per cent of 344 embryos exceeding 2.0 mm in 
length were over 2.4 mm in length. The largest embryo, 
3.4 mm long, occurred in a clam only 9.9 mm long. Embryos 
from 2.4 to 2.8 mm long occurred in clams of size groups C 
and D, and in a few instances in clams of size group B. 
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Embryo size did not appear related to parental size if the 
embryos had time to reach maximum size. Embryos in clams 
in size group B were somewhat smaller but most were intra-
marsupial embryos which had not completed their growth. 
Gilmore (1917) in S^. partumeium and S^. simile found embryo 
size was independent of parental size. Thomas (1959) found 
"little correlation" between size and age of adult S^. 
partumei um and the size of newly born young. 
The average number of embryos less than 1.0 mm long 
was almost always much greater than the number of embryos 
1.0 to 2.0 mm long. Too few young, less than 2.0 mm long, 
were born to account for much of the difference. Moreover, 
the size range of the smaller embryos was 0.6 to 0.7 mm 
because embryos less than 0.3 to 0.4 mm long could not be 
distinguished. The range for the larger embryos was between 
0.8 and 1.0 mm. The greater abundance of small embryos could 
have arisen in at least three ways. First, and most likely, 
it may take longer for embryos to grow to 1.0 mm than it takes 
to grow from 1.0 to 2.0 mm. Second, the "litter" size or 
rate of litter formation might have increased with time. 
Such an event is a strong possibility because the number 
of embryos less than 1.0 mm long was much greater in large 
clams than in medium-sized clams. A third possibility is 
differential embryo mortality, with more embryos 1.0 to 2.0 
mm dying. Embryo mortality was rarely noted except when the 
parents were parasitized. Generally, equal numbers of 
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marsupial pouches occurred—on the right and left gills of 
transversum. Small differences in the numbers of embryos 
in each gill occurred. About 25 per cent of the S. 
partumei um examined by Van Cleave et al. (1957) contained 
equal numbers of embryos in both gills. Embryo sizes in 
both gills tended to be paired. S^. s tri ati num generally 
contained equal numbers (1 or 2) of embryos in each gill 
(Foster, 1932). 
Occasionally, dead and decomposing embryos were found 
inside the marsupial pouches of transversum. In all but 
one instance the parent containing the dead embryos was 
heavily parasitized. The clam which was not parasitized con­
tained an empty, brown clam shell in the branchial chamber. 
The absence of tissue and the dark color indicated death was 
not recent. 
On two occasions, embryos with malformed shells were 
observed. Furrows on each valve extended obliquely from a 
point near the umbo posteriorally to the edge of the shell. 
Adult clams with similar grooves were sometimes found in the 
field. 
In one instance, a clam 4.5 mm long was found inside 
the mantle cavity of a clam 13.4 mm long. No pathogenic 
symptoms were observed in either clam. It is uncertain how 
and when entry came about. Large sand grains exceeding 1.5 
mm in diameter were sometimes found inside the mantle 
cavities and within the branchial chambers. The sand grains 
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appeared too large to have been taken in through the 
incurrent siphon and probably were drawn in by retraction of 
the foot. The clam while quite small, may have been drawn 
inside in a similar manner. In another instance» an embryo 
2.0 mm long contained an embryo 0.8 mm long in its mantle 
cavi ty. 
Embryo shells often contained numerous black spots. 
The spots appeared to be superficial deposits of some sub­
stance on the shell. Usually, when a spotted embryo was 
found several or all of the other large embryos would be 
similarly spotted. If one clam contained spotted embryos 
some other clams usually contained spotted embryos also. 
Aside from the spots, the embryos appeared normal. Small 
clams with spotted shells were collected during systematic 
sampling in the field. 
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GROWTH AND LONGEVITY OF SPHAERIUM TRANSVERSUM 
Introduction 
Like most aspects of sphaeriid biology, knowledge of 
growth and longevity suffers a lack of investigation. 
Maintenance of sphaeriids in the laboratory without a natu­
ral food supply is difficult and has hindered investigations 
requiring captive organisms. One of the best laboratory 
investigations of sphaeriid growth was conducted by Thomas 
(1965) utilizing S^. partumeiurn. Immediately after birth, 
young were measured and isolated in separate containers. 
Weekly measurements were made and individual growth curves 
plotted. S^. partumei urn accomplished most of its growth in 
7 to 10 weeks and produced young in less than 14 weeks. 
Clam growth in the field exceeded that in the laboratory. 
partumeium (as M. partumeium) reared in the laboratory 
by Krull (1936) began to discharge young in 55 to 71 days at 
a length of 4.5 to 5.0 mm. It is clear from both experiments 
that partumei um grows and reproduces rapidly. Unfortu­
nately, comparable data are not available for other species. 
Thiel (1928, 1930) raised corneum, S^. ri vicola, and 
2= soli dum in celluloid baskets submerged in the Elbe River. 
Specimens of 2. corneum born in early summer grew to maturity, 
discharged young and often died by the following autumn. 
Young born in late summer or fall grew until winter, over­
wintered without growing, then began to grow again in spring. 
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Young were discharged in late spring or early summer. S^. 
soli dum and S_, ri vi col a grew at comoarable rates» but because 
of its greater size, ri vi col a took about twice as long to 
develop. Generations commonly overlapped. Clam growth was 
faster during hot months and ceased when water temperatures 
fell to 8-9°C. Clam growth was inversely proportional to 
clam size, with smaller clams growing faster. S^. corneum 
lives a year or less with two generations per year (Alimov, 
1967). Maximum growth occurred in summer with little growth 
in winter. 
Foster (1932) observed the growth of S^. s tri atinum 
(as soli dulum) in an oxbow pond in Illinois. Clams 
increased in length by an average of 0.7 to 0.8 mm per month 
and completed their life cycle in about one year. 
By marking S^. occi dental e, Herrington (1948) found that 
some individuals survived two to three years in a temporary 
"swamp" in Canada. In temporary ponds in Southern Michigan 
occi dentale and 2- partumei um (as S^. truncatum) lived 
slightly over a year (Kenk, 1949). Heard (1965) found that 
some species of Pisidium lived but one year, while others 
lived two years or more. Odhner (1951) observed that 2-
conventus lived for several years in the laboratory. 
Nothing of note has been reported on the growth and 
longevity of trans versum. The object of this study was to 
determine how rapidly £. transversum grew, at what age young 
were discharged and, if possible, the life span. Both field 
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and laboratory phases were conducted during the summer of 
1967. 
Procedures 
Laboratory experiments were conducted in a makeshift 
field laboratory located on the upper edge of Fort Madison, 
about 200 meters upstream from the Fort Madison/Niota bridge 
(Fig. 1). The laboratory consisted of a boathouse situated 
about 20 meters from the river's edge. At the laboratory 
site, the river channel is about 50 meters from the Iowa 
shore. 
To simulate natural conditions as nearly as possible, 
water was pumped directly from the river into a central 
receiving basin (a 60-liter plastic garbage can) inside the 
laboratory. Water was distributed via tygon tubes to 
individual growth compartments. River water provided food 
for the clams in the experiment and maintained temperatures 
and chemical conditions similar to those encountered in the 
natural environment. 
Clams were housed in individual rearing chambers (Fig. 
9,A). A set of nine rearing chambers was placed in each of 
nine compartments (Fig. 9,B). The rearing chambers were con­
structed of plexiglass (approximately 6 mm thick) and plastic 
screen (mesh with 12 openings/cm). Inside, rearing chambers 
were 3.8 cm square and 5.0 cm deep. The lower 1.7 cm of two 
sides of each chamber were plexiglass strips to retain the 
Fig. 9. Rearing apparatus. A, set of nine rearing 
chambers (side view). B, compartment with 
rearing chambers in place (top view) 
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substrate. The upper 3.3 cm of these two sides of the 
chambers were covered with screen to permit passage of 
water. 
Compartments, holding the rearing chambers, were made 
of painted plywood. Inside dimensions were 42 cm long, 21 
cm wide and 13 cm deep. To guard against interrupted water 
flow, a baffle was included to keep about 5 cm of water in 
the compartment. Water levels in the growth compartment 
were maintained about 6 mm below the top of the rearing 
chambers, to prevent clams from crawling out. Large and small 
clams had been observed ascending the side of a vial par­
tially filled with water. The clams did not crawl out of 
the water. 
At initiation of the experiment, after substrates were 
added, water in the rearing chambers was approximately 3.5 
cm deep. Water depth gradually decreased to 2.5 cm as sil-
tation occurred. At most, the functional water depth (that 
depth from the water surface to the clam in its tunnel within 
the substrate) would not have exceeded 4.5 cm. The total 
volume of the compartment, with rearing chambers in place, was 
approximately 4 liters at the beginning of the experiment. 
As siltation occurred the volume decreased to about 2.5 liters. 
In spite of limited water supplies in the laboratory, use of 
small compartments with shallow water permitted a flushing 
rate of about 6 minutes. Total water flow to the laboratory 
was about 9 liters per minute at peak pump efficiency. Pump 
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and impellar wear reduced the efficiency, dropping flow to 
about 5 liters per minute. About 3 liters was diverted to 
another experiment leaving 2 liters for nine growth com­
partments. Fluctuations in pump output and partial clogging 
of the distribution tubing caused water flow through the 
chambers to be extremely variable. At times, the flow to 
each compartment was scarcely more than a frustrating 
trickle. 
About 10 cc of strained, clayey silt from transect 4 
station 14 was placed into each rearing chamber. One large, 
two medium, or four small clams were randomly assigned to 
each chamber (Table 21). The large and medium-sized clams 
were collected at transect 4 station 14. To obtain small 
clams of similar age and size, mature clams from transect 4 
station 14 were placed into pans of river water until suf­
ficient young were born. Small clams were removed from the 
pan within an hour after birth, measured with an ocular 
micrometer and placed into chambers. To prevent injuries, 
small clams were handled with camel hair brushes as sug­
gested by Thomas (1954). Larger clams were measured with a 
vernier caliper to the nearest 0.1 mm. Clams damaged during 
measurement were discarded. Use of similar sized clams, in 
chambers where more than one clam was stocked, eliminated need 
for marking and reduced handling. 
The experiment was initiated on July 21, 1967. To reduce 
disturbance to experimental animals it was decided to forego 
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weekly measurements in favor of monthly measurements. After 
33 days» 3 units were removed, the 27 chambers cleaned, and 
the contents screened. Clams were measured as before and 
living specimens were returned to their respective chambers, 
along with fresh substrate. 
Remaining chambers were examined later, with the last 
set being examined November 15, 1967. Chambers 1-27 were 
also re-examined in mid-November. During October and 
November, frequent pump failures interrupted water flow up 
to seven consecutive days. Baffles retained water in the 
compartments and clams survived. However, water temperature 
and food supplies probably varied from that in the river. 
In the natural environment, growth of clams held in 
retaining devices (Fig. 10,A) submerged in the river was 
measured. The retainer consisted of a steel frame with a 
center sheet of 6 mm thick plexiglass into which 40 holes 
had been cut. Two additional rectangles of plexiglass were 
used as flanges. Forty rearing tubes were suspended through 
the holes in the plexiglass by aluminum rods. A large 
number of tubes was used to compensate for expected high 
mortal i ty. 
Rearing tubes (Fig. 10,B) were 7 to 8 cm lengths of 
plastic plumbing pipe (I.D. 2.54 cm). Plastic screen, sewn 
into a cylinder, was fastened to the bottom of each tube. 
The lower end of the screen cylinder was closed with a painted 
wooden disk. Silicone rubber (trademark Clear Seal, General 
Fig. 10. Rearing apparatus used in maintaining S^. transversum 
in the field. A, clam retaining apparatus; B, 
enlarged side view of a rearing tube used in 1967; 
C, rearing tube showing proposed alterations 
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Electric Co.) fastened the screen to the roughened end of 
the plastic tube. 
Two randomly selected clams, 5 to 7 mm long, were 
placed into each tube along with about 10 cc of strained 
clayey silt. The clams and substrate were obtained about 
15 meters downstream from station 14. 
Installation of the retainer in turbid water was accom­
plished by lowering the retainer from the boat to the sub­
strate. The retainer was forced into the substrate with a 
board until penetration was stopped by the flanges. The 
flanges maintained the bottom of the tubes slightly above 
the substrate surface. 
On July 6, 1967, two retainers were placed in the river. 
One was placed in a cove adjacent to emergent and submergent 
vegetation (transect 5 station 2) where the sphaeriid popu-
2 lation was low (less than 1000/m ). The other was placed in 
open water at transect 4 station 14 where the clam popula-
o 
tion was high (about 42,000/m ). It was hoped to compare 
clam growth in the two habitats. 
When the retainer at station 2 was removed on September 6, 
1967, it had been turned over and was partially buried. Many 
tubes were nearly filled with substrate. Contents from the 
tubes were screened, the clams removed, counted, and preserved 
in 10 per cent formalin. Markers locating the retainer at 
station 14 had disappeared and the retainer was not found 
until October. 
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Results and Discussion 
Survival, reproduction, and growth of clams in the 
laboratory for 33 days varied extensively within and between 
rearing chambers. To facilitate interpretation of results, 
clam sizes at initiation of the experiment in July and in 
August are given for each rearing chamber (Table 21). Sizes 
of offspring are also provided. Chambers are arranged in 
Table 21 in a manner to facilitate presentation and com­
parison of results. During experimentation chambers 1-3, 
10-12, and 19-21 were located in compartment 1. Chambers 
4-6, 13-15, and 22-24 were in compartment 2, and chambers 
7-9, 16-18, and 25-27, in compartment 3. 
Survival rate of experimental clams and their offspring 
was high, except for clams over 10 mm long (chambers 19-27) 
which all died. Some large clams were observed to be dead 
within 2 days after initiation of the experiment. Others, 
more deeply buried in the mud, could not be observed. 
Valves of all nine dead clams were discolored and devoid 
of tissue, suggesting—death probably occurred about the same 
time. Six of 18 medium-sized clams (4.9-5.7 mm long) died, 
but 5 grew before dying. Survival was best among small clams 
(1.8-2.3 mm long) with only 3 of 36 dying. Survival of 
offspring was high, also, with 10 of 132 dying. 
Reproduction occurred in 8 of 9 chambers (19-27) con­
taining large clams. The young may have been discharged 
before the parent's death or else were liberated later as 
Table 21. Reproduction and growth of transversum in the laboratory between 21 July and 23 August, 
1967. Numbers in parentheses indicate length of stocked individuals on 23 August 
Chamber 1 2 3 4 5 6 7 8 9 
Clam 2.0 1.9 1.9 1.7 1.8 2.0 2,0 2.0 2.0 
length 
(mm) 2.0 1.9 2.0 1.8 2.0 2.1 2,1 2.1 2,0 
21 Jul 
2.1 2.0 2.0 1.9 2.0 2.1 2.1 2.3 2.0 
2.2 2.1 2.2 2.0 2.1 2.2 2.3 2.3 2.1 
Clam *(2.0) C(1.9) C(1.9) 0(1.7) C(1.8) C(2.0) B(2.1) (3.0) C(2.0) 
length LO 
(mm) C(2.1) 0(1.9) *(2.0) C(1.8) C(2.0) C(2.7) C(5.1) (3.4) C(2.0) 
23 Aug 
C(3.0) C(2.0) C(2.1) *(1.9) C(2.1) C(2.8) C(6.0) (4.9) B(2.0) 
C(5.3) C(2.1) C(4.3) B(2.0) C(3.4) C(5.7) C(8.1) (6.5) B(2.1) 
*1.4 1,8 
1.4 
? Parent or offspring C Shell calyculate in November 
* Dead when removed in August N Shell non-calyculate in November 
B Shell broken in handling in August 
Table 21 (Continued) 
Chamber 10 11 12 13 14 15 16 17 18 
Clam 5.5 5.5 5.5 4.9 5.6 5.5 5.3 5.0 5.2 
length 
(mm) 5.6 5.7 5.7 4.9 5.7 5.6 5.5 5.2 5.2 
21 Jul 
Clam (6.0) *(5.6) (5.5)? 4.0 *(5.7) *(5.8) 2.5 *(5,5) *(7.1) (6.6) (6.8) 
length 
(mm) (7.5) (6.5) (5.5)? 4.1 (7.2) *(8.3) 2.9 (6.2) (8.1) (7.0) (6.9) 
23 Aug 
1.8 1.8 (6.0)? 4.2 1.6 1.6 3.3 1.8 2,8 *2.0 1.8 
1.9 2.0 (6.2)? *5.2 1.7 1.7 3.5 1.8 3.0 3.0 2.1 
2.0 2.0 (9.0)? 1.7 1.7 3.6 1.8 3.0 3.4 2.3 
2.1 2.0 1.6 2.0 1.7 4.7 1.8 4.1 3,5 2.6 
2.1 2.7 2.1 2.0 1.8 1.8 5.0 4.1 3.1 
2.2 3.2 3.0 2.2 B1.9 1.9 *4.3 3.4 
2.3 3.1 4.5 *2.0 3.5 
2.3 3.2 2.0 3.9 
2.3 3.9 *2.2 4.2 
Table 21 (Continued) 
Chamber 19 20 21 22 23 24 25 26 27 
Clam 11.0 12.1 10.2 10.3 11.4 11.0 10.2 11.1 11,5 
length 
(mm) 
21 Jul 
Clam (*11.0) 
length 
(mm) C5.0 
23 Aug 
C8.0 
(*12.1) (*10.2) (*10.3) (*11.4) (*11.0) (*10.2) (*11.1) (*11,5) 
*3.0 2.1 2.5 1.6 *1.7 *2.0 B1.7 
*3.0 2.1 3.3 2.1 1.7 B2.0 1.8 
6,2 N5.8 3.6 2.3 1.9 2.0 2.8 
N8.4 N6.2 7.5 2.3 1.9 3.7 B2.8 
N9.0 B6.2 8.0 2.5 2.8 4,3 2.9 
B6.2 2.9 2.8 N4.6 
3.0 3.3 N4,7 
4.2 3.4 N5.8 
4.2 3.7 
4.4 4.7 
N6.9 4.9 
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parental tissue decayed. The latter possibility is sub­
stantiated by field observations of living young in decaying 
parental tissue. 
Reproduction in chambers 6 and 7, where clams less than 
an hour old had been stocked, demonstrated that the life 
cycle of transversum can be completed in about a month or 
less. Some of the clams found in chambers 1-8 probably were 
second generation offspring. When the clams were examined 
on August 23 several first generation offspring were well 
beyond the minimum length (5 mm) in which embryos normally 
occur. The probability that some were second generation 
young is enhanced by the fact that none of the living clams 
in chambers 1-8 were discolored. Valve discoloration may 
occur when clams fail to grow. 
Clam growth ranged from no growth in some chambers 
stocked with small clams to rapid growth in some chambers 
stocked with large clams. Length changes in small and medium-
sized clams are presented (Fig. 11). Greatest growth was 
achieved in chamber 20 where one of the offspring grew to 9.0 
mm in length, an increase of about 7.0 mm. Young clams are 
usually about 2.0 to 2.4 mm long when born. The mean length 
of the largest clams produced in each chamber (1-8) was 
6.5 mm. 
In most instances, the medium-sized clams in chambers 10-
18 survived and reproduced but grew slowly. The mean increase 
in clam length was only 1.3 mm in chambers 10, 11 and 13-18. 
Fig. n. Length changes in small and medium-sized 
S. transversum in the laboratory, 1967 
1 2 4  
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It was impossible to differentiate between offspring and 
parents in chamber 12, because five clams exceeded initial 
size of parental stock (5.5 and 5.7 mm long). Offspring of 
medium-sized clams were smaller than offspring of large 
clams but were probably discharged later. 
Newly born young stocked in chambers 2, 4, and 9 did 
not grow. Some small clams in chambers 1» 3, 5-8 grew while 
chamber mates did not. Only 8 of 36 small clams more than 
doubled their initial length. One grew to 8.1 mm in length. 
The periostraca of clams that failed to grow were discolored 
and the valves appeared "chalky." Some non-growing clams 
appeared dormant (in a res ting-state) and did not move for 
several minutes after removal from the chambers. 
When rearing chambers 1-27 were reexamined, on 
November 15, reproduction had occurred in all but two cham­
bers (Table 22). Reproduction was greatest in chambers 19-
27 where one large clam had originally been stocked. 
In chambers 1-9 many small clams which appeared dormant 
in August had, by November, grown to 9.0 mm in length or 
longer. Substantial reproduction occurred only in chamber 1. 
Where generations could be distinguished in chambers 10-
18 most of the parental stock had died without reaching 9.0 mm 
in length. Offspring were frequently longer than the parents. 
The periostraca of nearly all clams longer than 2.5 mm was 
speckled with dark deposits. Some were nearly black 
(Plate I, E). Since general observations on growth in 
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Table 22. Numbers of clams in rearing chambers August 23 
and November 15, 1967 
Chamber 1 2 3 4 5 6 7 8 9 
Clams 
Aug living 3 4 3 2 4 4 4 5 2 
dead 1 0 1 2 0 0 2 0 2 
Nov 1 i vi ng 34 12 22 2 7 19 13 22 4 
dead 12 0 1 2 2 4 9 7 1 
Chamber 10 n 12 13 14 15 16 17 18 
CI ams 
Aug 1 i vi ng 11 7 14 8 12 7 6 6 11 
dead 0 1 1 1 5 1 1 2 0 
Nov 1 i vi ng 1 5 47 19 37 1 3 4 26 18 
dead 11 4 17 6 8 8 3 4 3 
Chamber 19 20 21 22 23 24 25 26 27 
Clams 
Aug 1 i vi ng 2 3 6 5 n 0 10 6 5 
dead 1 3 1 1 1 1 2 3 1 
Nov living 39 66 23 15 18 0 17 56 3 
dead 4 10 7 2 0 0 1 8 0 
chambers 28-81 did little more than confirm observations made 
in chambers 1-27, precise data were not collected. 
On September 6, 19 of 40 rearing tubes in the cove area 
at transect 5 station 2, contained living clams. Excellent 
growth and reproduction had occurred in many tubes (Table 23). 
Table 23. Numbers of leeches and of clams in six size groups from rearing tubes 
at transect 5 station 2 
T ubes 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 1 7 18 19 
Size (mm) 
<1 48 27 4 14 1 23 1 2 6 8 11 0 3 0 3 1 1 0 0 
1-2 29 27 32 35 21 6 19 22 9 7 8 7 5 2 0 0 0 1 0 
ro
 
t to
 
6 1 15 7 6 2 10 6 8 8 4 4 10 0 0 2 0 0 0 
3 - 4  0 2 11 4 6 1 5 0 3 2 0 1 2 1 0 1 1 0 1 
4-5 3 3 0 5 0 0 0 0 0 4 1 1 0 1 2 0 1 0 0 
>5 2 4 1 4 2 1 1 1 1 1 1 1 2 1 0 0 0 1 0 
dead 6 6 6 0 5 7 1 6 3 0 2 12 1 1 0 1 1 0 1 
total 94 70 69 69 41 40 37 37 30 30 27 26 23 6 5 5 4 2 2 
1eeches 1 0 0 1 0 0 2 0 0 1 0 0 4 1 0 2 0 0 0 
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Unusually large clams, up to 13.8 mm long and 6.6 mm thick, 
were common. Growth within the tubes was greater than at 
the site where the clams had been collected. Although 45 
clams in the tubes were 4.0 mm or more wide, about 1200 clams 
collected at station 14 on September 12 were all less than 
4.0 mm. On September 19, several thousand clams were col­
lected about 15 meters downstream from station 14, but all 
were less than 4.0 mm wide. That four clams in tubes 2 and 
4 were over 5.0 mm wide means that within 62 days one or 
both clams grew to maturity and discharged young that also 
grew to large size. 
All large clams examined from the tubes contained 
abundant embryos. The largest clam in tube 7 contained most 
embryos with 86. The other 35 clams in the tube probably 
had been produced by the same clam. The other clam stocked 
in tube 7 had died before attaining large size. A few 
clams in the tube may have belonged to the third generation. 
The clam in tube 9 contained 73 embryos and appeared to have 
discharged 26 young. 
By mistake, a specimen of S^. striatinum had been placed 
in tube 18. The clam had grown rapidly, reaching a width of 
over 4.0 mm, but had not discharged young. Actual growth 
equaled that of many S_. transversum, but proportionately was 
less since striati num grows larger. The remaining clam in 
the tube had grown little, if any. 
129 
It was impossible to determine why clams had died. 
Mortality in tubes invaded by leeches (Table 23) appeared 
about the same as in tubes without leeches. Possibly, some 
clams may have been killed by transient leeches which left 
before the tubes were examined. The presence of leeches in 
tubes 4, 7, 10, 12, 14 and 16, where little mortality 
occurred, suggests they had been feeding on other inverte­
brates. A fungal growth nearly covered outer portions of the 
left inner gill of one clam. Embryos in the gill appeared 
uninfected. 
When the retainer was finally located at station 14, 
only three rearing tubes contained living clams. None had 
grown appreciably. Excessive current removed most substrate 
from within the tubes and may have caused poor growth and 
survival. Tubes with screen 3 to 4 cm from the bottom (Fig. 
IOC) would probably be better in areas with current. Tubes 
(Fig. lOB) were designed with the screen at the bottom to 
facilitate cleaning and to permit visual observations of clams 
inside. The tubes functioned well in both respects. Tubes 
with screen in the middle and a rubber stopper on the lower 
end (Fig. IOC) also would permit easy cleaning and clam 
removal. Tubes submerged for 52 days showed no signs of 
deterioration. The unpainted frames rusted but because of 
their diameter would have lasted years under water. Since 
sphaeriids may grow and reproduce rapidly it would be 
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advisable to use tubes with larger diameters to prevent 
crowdi ng, 
It is apparent from laboratory growth experiments that 
S. transversum can achieve sexual maturity and reproduce in 
about a month or less. Limited observations of clam growth 
in retaining devices at station 2 indicate that growth in 
some sections of the river was similar to that in the labo­
ratory. Since clams were not crowded at the start of either 
experiment intra-specific competition probably had little 
effect on growth. 
Rapid clam growth and reproduction may be a method of 
compensating for heavy prédation losses to fish, leeches, and 
waterfowl. That is, the shorter the pre-reproductive period, 
the greater the probability of reproducing before prédation 
occurs. Another possibility is that S^. transversum may have 
originated in temporary ponds where rapid growth and repro­
duction would be of survival value. S^. transversum occurs 
in temporary ponds as well as lakes, streams, and rivers. 
If the growth rate observed in experiments during July 
and August was representative of growth in Pool 19 for the 
entire summer several generations of clams could be produced 
annually. However, field observations suggest clam growth 
at station 14 was less during July and August than that 
observed in growth experiments. By observing the progressive 
increase in size of non-calyculate clams (Table 15), com­
mencing with July, it is possible to derive a rough estimate 
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of growth rates. If we assume that the largest non-calyculate 
clams (4-5 mm long) in July became the largest non-calyculate 
clams (6-7 mm) in August, the average increase in length was 
about 2 mm. By September, some of the same clams appear to 
have reached 9-10 mm in length, for an increase of about 
3 mm. 
Non-calyculate clams 3-4 mm long in July appear to have 
grown to 5-6 mm long in August. Clams were non-calyculate in 
September; so, growth of calyculate clams in the fall can be 
followed. In October, largest calyculate clams were 5-6 mm 
long--about 3 mm longer than they could have been in 
September. Maximum size of calyculate clams increased in 
November to 8-9 mm indicating growth was continuing. 
It is unclear why clam growth rates in the laboratory 
and in retaining devices at station 2 were faster than in 
natural populations at station 14. Possibly, greater popu­
lation densities at station 14 may have retarded growth 
through increased intra-specific competition for food and 
space. Or, increased clam density might retard clam growth 
through production of metabolites or by psychological stress. 
Also, density independent factors may have retarded clam 
growth at station 14. A major die off of large clams at 
station 14 between August and September indicates clams in 
July may have been in poor physiological condition. Data to 
be discussed later indicate the dieoff may have resulted 
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from extremely high infestations of rediae and cercariae of 
unidentified trematodes. 
A third possible explanation for the difference in 
growth rate may have been that the habitat at station 14 was 
inferior to that developed in the laboratory and that 
occurring at station 2. There is, however, no evidence to 
support this assumption. 
Although clam growth rates in the laboratory were simi­
lar to those in the field, a major difference was noted. 
The maximum size of clams in the retainers at station 2 was 
considerably greater than the maximum size of clams reared 
in the laboratory. Parental stock of both groups came from 
the same site and presumedly the same genetic stock. Some 
factor or factors in the laboratory prevented clams from 
reaching maximum size. As will be seen in the section on 
population size and structure, clams at some stations never 
achieved maximum size. Limiting factors of clam growth in 
the field are imperfectly understood. 
Contrary to expectations, small and medium-sized clams 
were more resistant to handling and/or laboratory stresses 
than large clams. Medium and large clams were collected and 
handled in a similar fashion but mortality of large clams was 
much greater. Since most large clams at station 14 disappeared 
between July and August, large clams brought into the labo­
ratory probably would have died anyway. Handling and/or 
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laboratory stresses may have merely confounded existing 
maladies and accelerated the death rate. 
All sizes were somewhat affected by handling and/or 
laboratory stress. Medium-sized clams generally survived 
until August but grew more slowly than offspring of large 
clams. Water conditions should have been similar in all 
chambers with the exception that some chambers contained a 
decomposing clam. Offspring may be able to utilize parental 
tissue directly or indirectly as a nutrient source. Yet, in 
chamber 7 (Table 21) one clam grew to 8.1 mm in length from 
a maximum initial length of 2.3 mm without parental tissue. 
Thomas (1965) observed that newly-born young of 
partumei um reared in the laboratory frequently exhibited 
a lag in growth lasting up to six weeks. The lag reported 
by Thomas may be similar to the dormancy-like state observed 
in S^. transversum. The causes of the "resting-states" in the 
two species appear to different. Thomas observed that clams 
which grew immediately gave birth to young which also began 
to grow immediately. Presumedly, clams which did not grow 
immediately produced young which had a growth lag. If the 
presumption is true, the lag in S^. partumei um appears to have 
been genetically controlled. The lag observed in 2- trans-
versum probably was not genetically controlled. 
It is impossible to make definitive statements concern­
ing longevity of S^. trans vers um in Pool 19, In most instances 
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the cause of death could not be determined. Clams generally 
lived less than a year and many lived less than six months. 
Clams born in March, April, and May appeared to grow rapidly 
to adult size and die in late summer or autumn. Mass disap­
pearance of large clams at stations 6, 10, and 14 in July 
and August (Fig. 15) was due to mortality. An unidentified 
Fort Madison sportsman reported the annual observation of 
large windrows of empty sphaeriid shells on the Iowa shore 
opposite Dallas City. The windrows were reported to be large 
in early September and to increase in size prior to the duck 
hunting season in October. On September 1, 1967, I photo­
graphed windrows of empty S^. transversum shells on the Iowa 
shore across the river from Dallas City. Accumulations of 
shells up to 13 cm deep were found. Lesser quantities of 
shells were found at several other sites. 
Clams born in late autumn over-winter, presumedly with­
out growing much, and become calyculate when growth commences 
the following spring. It is not definite when the clams die, 
but in August, 1967, calyculate clams were present in the 
population. It is likely that the calyculate specimens had 
over-wintered as small clams. In addition to being calyculate, 
some clams were considerably darker and contained many dark 
deposits on the periostracum. Large numbers of deposits on 
the periostracum may reflect slow growth. 
A third group of clams, apparently born in summer and 
early fall, may grow to medium or large size and then 
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over-winter. Large clams in early spring were non-calyculate 
(Table 15). A few large transvers urn and S^. s tri ati num 
were present at most stations in late March and early April, 
By May, most of the large S^. transvers urn had disappeared. 
Whether the disappearance was due to senility, prédation, or 
other causes is not clear. In April, as the water warms, 
poikilothermic predators (leeches and fish) likely begin to 
feed more heavily. Diving ducks are also present during 
part of April. Yet, the population of S^. s tri ati num did not 
appear to decline appreciably between April and May. If 
prédation was the factor causing the disappearance of 
2. transversum, numbers of S^. s tri ati num should have 
declined proportionately, unless selective prédation occurred. 
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ORGANISMS IN SPHAERIUM TRANSVERSUM 
T rematoda 
Intensive investigation of the parasitic fauna of S_. 
transvers urn was beyond the scope of this study. However, 
parasites were observed incidentally as clams were being 
dissected for embryo determinations. Since parasites appeared 
to be affecting fecundity in July and August, 1967, a few 
additional specimens were examined. Clams were examined by 
teasing the tissue apart in a petri dish of water while 
observing the dissection through a binocular dissecting scope. 
Clams had been preserved in 10 per cent formalin prior to 
exami nation. 
At transect 4 station 14, a few specimens of trans-
versum were heavily infected with cercariae and sometimes with 
rediae. The cercariae were particularly abundant above the 
foot, in vicinity of the digestive diverticula (hepatopancreas). 
In some, the whole visceral mass appeared infected and, in 
many instances, the clam appeared little more than a cercaria-
filled membrane. Wenke (1965) sectioned S^. transversum from 
Pool 19 and found rediae and cercariae extending from the 
intertubular tissue of the digestive gland into the region of 
the gonads. Wenke reported finding "large numbers" of 
cercariae in S^. transversum, with "approximately a hundred" 
being present in one clam. In 1967, much greater numbers of 
cercariae were present in the clams at station 14. In August, 
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a single clam contained 2,184 cercariae, and several others 
contained over 1,000. 
The cercariae infecting trans vers urn in Pool 19 were 
not identified. Dr. Raymond Cable (personal communication, 
1958, Department of Biological Sciences, Purdue University) 
suggested they were probably some species of Crepidostomum 
but might be A11 ocreadi urn. It was. »fjirther pointed out that 
identification of the cercariae should be made experimental ly 
by infecting other hosts. Identification of cercariae by 
morphological characteristics is less positive and requires 
special fixation. Wenke (1968) reported finding 
Crepidostomum cercariae in transversum from Pool 19 
but was unable to determine species. In Pool 19, Wenke found 
four species of Crepidostomum in nine species of fish. 
S^. transversum (as M. trans vers um) is reported to be an 
intermediate host for C^. cooperi , C^. i ctal uri (Hopkins, 1934) 
and C. cornutum (Henderson, 1938). Other trematode genera 
have been reported to occur in transvers um. 
If the cercariae observed in S^. transvers um in 1957 
were Crepi dostomum, their occurrence in July and August 
would not have been unexpected, since Hexaqenia is frequently 
utilized as a second intermediate host (Olsen, 1962). 
Hexagenia were heavily utilized by fish in Pool 19 during 
June and July (Jude, 1968). Some Crepidostomum cercariae, 
for example £. cooperi , mature in three to four weeks within 
the fish (Olsen, 1962). Thus, fish consuming Hexaqeni a in 
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early June and July could become infected with mature trema-
todes by late June or July. 
Some clams which were identified as being non-parasitized 
may have contained small numbers of cercariae or parasites in 
the early stages of development, which could not readily be 
discerned. A few cercariae might easily have been missed, 
since the hosts had been preserved. The heavily parasitized 
clams were easily recognized, even before they were teased 
apart, by a "peppered" appearance of the visceral mass above 
the foot. The "peppered" effect was caused by the dark eye 
spots of the cercariae showing through the membrane surround­
ing the visceral mass. 
Heavily parasitized clams contained no living embryos 
(Table 24) but frequently contained marsupial sacs with 
decomposing embryos inside. Wenke (1965) found that parasi­
tized 2" trans versum lacked embryos, while similar non-
parasitized clams contained embryos. Cheng and James (1960) 
reported finding rediae and cercariae of Crepidostomum sp. 
in S^. striatinum collected In Virginia. It was reported that, 
"Twenty five clams which were not shedding cercariae were 
dissected without revealing any evidence of infection. All 
were gravid females. All of the males examined were heavily 
infected. The mother rediae are located on the gills while 
the daughter rediae are in the hepatopancreas. No conclusive 
explanation can be offered at this time for the observed sex 
difference; perhaps there is some hormonal action in gravid 
Table 24. Presence or absence of parasites and embryos in various sizes of 
S. transversum at station 14, Pool 19, Mississippi River, 1967 
July 
Size class Number Parasites Gravid 
(mm) examined Yes No Yes No 
Number 
exami ned 
Auqus t 
Pa ras i tes 
Yes No 
Gravi d 
Yes No 
1 1 - 1 2  
1 0 - 1 1  
9-10 
8-9 
7-8 
6-7 
5-6 
2 
1 
X 
X 
X 
X 
X 
2 
1 
5 
4 
3 
2 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
1 4 0  
females which brings about a resistance to further infection." 
Since sphaeriids are hermaphroditic, the question arises as 
to how the conclusion could be reached that females were non-
infected and males infected. One explanation which could 
account for Cheng and James' apparent confusion is that non-
parasitized clams contained embryos and were assumed to be 
females. Parasitized clams, on the other hand, may have 
become sterile (and eventually non-gravid) and were assumed 
to be males. If the explanation were true, the findings would 
support the observation that severe cases of parasitism may 
result in temporary or permanent loss of fecundity in some 
sphaeriids. The fact that embryos were dying within the 
marsupial pouches suggests that the parent may have been 
physiologically debilitated. Considering the tremendous 
bulk of cercariae within some of the clams, it is surprising 
that the clams were still alive. 
Wenke (1968) examined 1,166 S^. trans vers urn from Pool 19 
and found an incidence of 6 per cent cercarial infection. It 
was concluded that if Crepidostomum caused sterility, the 
over all effect would probably be negligible. It should be 
pointed out, however, that in specific areas the effect upon 
reproduction might be significant. For example, during July, 
1962, nearly 40 per cent of the clams examined by Wenke were 
parasitized. In Illinois about 70 per cent of the S^. trans-
versum examined by Hopkins (1934) contained Crepi dostomum in 
October. 
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Cheng and James (1960), who observed extensive destruc­
tion of the hepatopancreas in striatinum infected with 
Crepidostomum cercariae, believed large numbers of clams were 
being killed. Wenke (1965) could find no evidence of hepatic 
damage i n S^. transversum but examined only one clam, which 
may not have been heavily infected. In the present study, 
insufficient data were collected to permit formulation of 
definite conclusions. However, certain unexplained changes 
in the sphaeriid population suggest parasitism may have caused 
mass mortality of larger clams at station 14 during July and 
August, 1967. 
In July, large specimens of S^. transversum were abundant 
at station 14, but by August, almost all of the larger clams 
had disappeared. Yet, medium-sized clams were still abundant. 
During the same period, larger clams disappeared at stations 
4, 6, 7, 9 and 10, also (Fig. 15). Specimens remaining at 
station 14 were heavily parasitized. If prédation were remov­
ing the large clams, decreases in the abundance of medium-sized 
clams would also have been expected. Medium-sized clams may 
have been too small to become parasitized when infection 
occurred; so, only large clams died. 
One might speculate that the clams were dying of senility. 
However, many clams from station 14, in rearing tubes at sta­
tion 2, thrived in July and August and were still alive in 
September. Clams in the tubes may have been removed from 
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station 14 before infection occurred. Clams at station 2 
might not become parasitized for any of several possible 
reasons. 
Since kienke found nearly 40 per cent incidence of 
infection when clams contained a hundred cercariae or less 
in 1962» incidence of infection could have been much greater 
in 1967, when many clams contained over 1,000 cercariae. 
01igochaeta 
In July, 1967, small oligochaetes, Chaetogaster limnaei 
(v. Baer), were discovered inhabiting the mantle cavities of 
2» transversum and S^. s tri atinum. Other species of sphaeriids 
were not examined. Of the organisms which may be found inside 
sphaeriids, Chaetogas ter is easily recognized by its rather 
leech-like movement and bundles of ventral setae. Chaeto-
gaster belongs to the family Naididae, a group of small 
oligochaetes that reproduces by budding. Pennak (1953) states 
that zooid chains of C^. limnaei are usually 2-6 mm long. In 
transversum they were less than tv/o mm long, even when two 
zooids were joined. Exact location of the worm inside the 
clam could not be determined, since the worms were crawling 
about when the clam was opened. Worms were sometimes found 
under the gills as they were dissected away. 
In an attempt to determine the mode of entry into the 
clam, several specimens of Chaetogaster were placed into a 
petri dish of water containing specimens of S^. trans vers um. 
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The behavior of the organisms was observed through a binocu­
lar dissecting scope. Initially, both clams and worms 
crawled about in the dish until contact was made. Upon con­
tact with the clam's foot, the worm would immediately crawl 
onto it, apparently utilizing its setae in movement. The 
worm's movement appeared to stimulate the clam, causing it 
to suddenly withdraw its foot into its shell. Frequently, 
the worm was carried inside. After being withdrawn into the 
shell, the foot was not extended again for several minutes. 
The siphons often remained extended, however, and frequently 
would contract chaotically, as if the worm were crawling about 
inside the clam. On some occasions, the worm would be raked 
off by the edge of the shell as the foot was being withdrawn. 
In such instances, the worm would clamber about the clam 
until it again came into contact with the foot. Worms coming 
into contact with the siphons before the foot made no effort 
to crawl onto or into them. 
If Chaetogaster has been previously reported from 
sphaeriids, the information is not generally known. Dr. Ralph 
Brinkhurst (personal communication, 1969, Department of 
Zoology, University of Toronto) was unaware of Chaetogaster's 
being found in sphaeriids. Apparently, nothing is known of 
the relationship existing between Chaetogaster and S^. trans-
versum. C_. 1 imnaei living on the shells of snails, were found 
to feed on plankton and were considered commensal; others, 
living in the kidney, fed only on kidney cells and were 
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parasitic (Gruffydd, 1965a). Coker et al. (1921) reported 
that fresh-water mussels occasionally contained £. limnaei. 
The role of Chaetogaster in the mussels was uncertain, for 
its gut sometimes contained "juvenile mussels." The possi­
bility that Chaetogaster might benefit the clam by devouring 
parasites was pointed out. Gruffydd (1965b) cites several 
investigations reporting consumption of trematode miracidia 
and cercariae by Chaetogaster. Whether significant numbers 
of parasites are destroyed is a matter of debate. 
To determine how many Chaetogaster were present in 
various sizes of S^. transversum at different times of the 
year, samples were collected periodically at one, two, or 
three stations. The clams were collected with a garden rake 
covered with hardware cloth and returned to the laboratory 
alive. S^. transversum were examined from stations 6 and 14 
during the summer and fall of 1967 and during some periods 
of 1968. For safety and convenience, clams were collected 
close to shore at station 1 during the winter of 1967-68 and 
the spring of 1968. 
Twenty clams of various sizes were selected for each 
sample. Clams less than 4.5 mm long were not included in the 
samples because preliminary observations revealed that they 
did not contain Chaetogaster. Samples frequently contained 
only a few size groups. 
In examination, living clams were opened and placed into 
a petri dish of water. I^e clam tissue was then teased apart 
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while being observed through a binocular dissecting scope. 
Worms were active and easily observed as they crawled about 
the dish. Worms were removed, counted, and preserved in 
10 per cent formalin. 
At station 14 (Table 25) 95 per cent of the clams over 
4.5 mm long, examined in July, 1967» contained Chaetogaster. 
In August, none of the clams examined were infected. The 
incidence of infection remained near zero during all sampling 
periods until July, 1968, when it rose sharply to 90 per cent. 
At station 6, a low percentage of clams was infected in 
August, September, and October. In July, 1968, 90 per cent 
of the clams examined was infected. At station 1, only a 
few clams examined during winter and early spring were 
infected. In July, infection rate did not increase dramati­
cally, as it did at stations 6 and 14. 
Gruffydd (1965b) reported that, in North Wales, the 
average number of C^. 1^. 1 imnaei per snail (Lytnnaea pereqer) 
increased sharply between March and May. In June, worms 
almost disappeared. 
The decreased incidence of infection in clams at station 
14 between July and August, 1967, could have been brought 
about in two ways: First, the decline may have resulted from 
an exodus of worms out of the clams; second, the infected 
clams may have died between July and August and were replaced 
by younger, non-infected clams. The latter explanation seems 
more likely. On August 18, 1967, when the clams were being 
Table 25. Mean number, and frequency of occurrence of Chaetocias ter 1 i mnaei in 
various size classes of S. transversum at stations (S) 1, 6, and 14, 
Pool 19, Mississippi River, 1967-68. (X, mean no. Chaetogaster per 
clam; #, no. clams examined; %, percentage of clams infected; % Tot., 
total percentage of clams infected) 
Length 4. 5 " 6 .5 6 6 - - " 8 .6 8. 7 - -10 .7 
CO CM 1 
C
O
 o
 12 9-14 .9 (mm) 
*• d 
# 
% 
X % X % X # % X # % X § % Tot. 
T4S14 
1967 Jul 3.3 (10) 100 6 .0 ( 3) 100 5 .2 ( 5) 80 6.5 (2) 100 ^ 95 
Aug 0 9) 0 0 (10 0 0 ( 1) 0 0m fm m 0 
Sep 0 4) 0 0 (12) 0 0 ( 4) 0 mm m ym  ^wm rr 0 
Oct 0 ( 9) 0 .2 ( 6) 17 0 ( 5) 0 - — 5 
1968 Apr 0 8 0 0 12 0 — — — 0 
Jun 0 3 0 0 ( 8 0 0 ( 6) 0 0 (3) 0 — — 0 
Jul 3.0 ( 5) 60 7 . 2 ( 5) 100 16 .8 ( 5) 100 22.4 (5) 100 90 
T3S6 
1967 Aug 0 ( 3) 0 .4 ( 8) 25 .7 ( 9) 22 — — — — w. 20 
Sep 0 ( 6) 0 1 .7 ( 4) 25 1 .1 (10) 30 " 20 
Oct .9 10) 40 .7 9) 33 1 .0 ( 1) 100 — ™ 40 
1968 Jul 1 .2 ( 5) 60 4 .7 ( 5) 100 7 .8 ( 5) 100 22.5 (3) 100 9.5 (2) 100 90 
T3S1 
1967 Dec 0 ( 8) 0 .3 ( 4) 25 .7 ( 3) 66 .6 (5) 40 — — — 25 
1968 Feb 0 ( 2) 0 0 ( 8) 0 0 ( 5) 0 3.0 80 - — m 20 
Mar 0 3 0 0 n 0 .2 5 20 0 0 5 Apr 0 ( 5) 0 0 ( 7) 0 0 ( 5) 0 .3 (3) 33 rm m, m- 5 
Jun .3 ( 3) 33 0 ( 6) 0 .7 ( 6) 33 0 (5) 0 1- m. m- 15 
Jul .2 ( 5) 20 0 ( 5) 0 .8 ( 5) 20 0 (4) 0 30.0 (1) 100 15 
^Means based on total number of clams examined. 
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collected at station 14 for examination, the following field 
observations were made and later recorded: "of over 1000 
clams collected only one of 10 mm in length was found; 
apparently there has been a major die off of large sphaeriids, 
as there was an abundance of fresh appearing valves in the 
rake, some of which still contained tissue." 
The die off may have been caused by the Chaetogaster; 
however, no gross physical damage could be detected in 
infected clams. More subtle effects, such as those resulting 
from competition for food, might be important. It seems more 
likely that clams were killed by massive infestations of 
cercariae. Why oligochaetes did not re-infect smaller clams 
as their hosts died is_yjiclear. Possibly, they may have been 
trapped inside the host when it died, and perished from a 
lack of oxygen. 
It is uncertain why the frequency of occurrence of 
Chaetogaster in clams at station 1 differed so greatly from 
those at stations 6 and 14. The difference may have been 
associated with the uniqueness of station 1, environmentally. 
In addition, changes in the clam population at station 1 
appeared to be out of phase with those farther out in the 
ri ver. 
In July, 1968, at stations 6 and 14, the average number 
of Chaetoqaster per clam generally increased with clam size. 
The smaller clams could not physically have held as many worms 
as were found in some of the larger clams. The larger clams 
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probably had been infected longer, providing more time for 
the worms to reproduce inside. Almost all of the worms found 
in July were budding and contained two zooids of about equal 
size. 
On the average, clams from station 14 were more highly 
infected than clams from station 6. However, the greatest 
total number of Chaetoqaster, 49, was found in a clam 12.1 
mm long from station 6. 
On a few occasions, while embryo counts were being made, 
water mites were observed, partially embedded in the gills of 
transversum. The rate of infection was low, but it is 
likely that some mites may have gone unnoticed, because of 
thei r smal1 size. 
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PREDATION ON SPHAERIUM TRANSVERSUM 
In Pool 19» S. transversum is an important food organism 
for diving ducks, leeches, and fish. The clam's relatively 
small size, widespread distribution, and high degree of 
vulnerability, coupled with great reproductive potential, 
makes it an ideal prey species. 
Diving Duck Prédation 
Thompson (1969) reported 11,148,780 duck-days of use for 
diving ducks on Pool 19 between March 3 and April 19, 1967. 
Waterfowl use in the fall was less when 9,105,350 duck-days of 
use were recorded between October 11 and December 8. The 
lesser scaup. Aythya affinis, was the most abundant duck on 
Pool 19 and accounted for about 86 per cent of the duck-days 
of use in the spring and 84 per cent in the fall of 1967. 
Daily food intake of diving ducks on Pool 19 is uncertain. 
However, based on existing literature, Thompson (1969) esti­
mated a daily consumption of 229 grams of sphaeriids (blotted 
dry with shell intact) per duck. At the rate of 229 grams 
per bird per day, estimated sphaeriid harvest by ducks was 
2,553,070 kg in the spring and 2,085,125 kg in the fall of 
1967. The harvest was probably underestimated since some 
ducks remained on the pool in April and December when censusing 
was terminated. In 1966, for example, approximately 20,000 
lesser scaup remained on the pool until after Christmas 
(Thompson, 1969). Similar numbers may have persisted in 1967. 
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On the basis of random sampling in September, 1967» 
prior to diving duck arrival, an estimated 8,608,916 kg of 
sphaeriids were present in the pool between Dallas City and 
Keokuk (Fig. 1). Therefore, prédation by waterfowl may have 
removed about 24 per cent of the standing crop. A portion of 
the standing crop may not have been available to waterfowl. 
Approximately 17 per cent of the total weight of sphaeriids, 
in September (Fig. 5), was comprised of clams less than 1.0 
mm wide (less than 3.0 mm long). In July and October, the 
majority of small clams was from 25 to 169 mm deep in the 
substrate (Table 27). It is questionable if ducks were able 
to obtain prey that deep in the substrate. Even if they could, 
the calories expended in search of food might exceed the 
calories obtained. It is likely that more than 24 per cent of 
the standing crop available to ducks was harvested. Some of 
the biomass removed through prédation may have been replaced 
through clam growth and reproduction. 
Despite the fact that duck prédation in spring and fall 
is tremendous, the overall impact upon the clam population in 
Pool 19 may not be great. In 1967, diving ducks apparently 
did not overharvest sphaeriids, since sufficient stock remained 
for reproduction after the ducks left in the spring. Should 
flocks of diving ducks greatly increase in size, overharvest 
might occur. However, it may be that the smaller clams, deep 
in the substrate, are not vulnerable to prédation and cannot 
be overharvested. Larger size groups might be depleted in the 
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fall, resulting in insufficient food supplies the following 
spring. More information would be needed on the mechanics of 
diving duck feeding and vertical distribution of clams in 
March and April if valid conclusions were to be drawn. 
Leech Prédation 
In Pool 19, leeches are important predators upon finger­
nail clams. Leech populations frequently exceeded 1,000 per 
square meter. In November, four core samples, with a diameter 
of 7.5 cm, gave an estimate of over 68,000 leeches per square 
meter at station 8. Many of the leeches were small and 
probably attached to their parents when collected. Even so, 
it is likely that most were large enough to prey upon small 
sphaeriids. The three most abundant leeches in Pool 19, in 
1967, were Erpobdella punctata, Glossiphonia complanata, and 
Helobdella staqnalis. All three genera feed on molluscs, 
particularly snails (Mann, 1962). Erpobdel1 a and He!obdel1 a 
were reported to feed on insects, crustaceans, and worms. 
Erpobdel1 a sometimes feeds on carrion, also. The complete 
diet of Glossiphonia is not known (Mann, 1962). 
Paloumpis and Starrett (1960) found that leech popula­
tions in Middle Quiver Lake, on the Illinois River, declined 
as small mollusc populations declined. Whether or not the 
relationship was causal was not established. 
In October 1 967, specimens of trans vers urn were fed to 
leeches which had been isolated in individual containers. 
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without food, for about two weeks. E. punctata was never 
observed to attack or to even approach transversutn» Clams 
left in the jars with the leeches for 24 hours were alive 
when removed, suggesting that punctata may not feed on 
2- transversum. Both G. complanata and H. stagnaiis attacked 
and fed on S. transversum, but 6. complanata appeared the 
more voracious predator. 
Since feeding rates of leeches are not known, it is 
impossible to determine the number of sphaeriids destroyed, 
annually, by leeches. Similarly, it is difficult to asso­
ciate changes in sphaeriid populations with changes in leech 
populations. If leeches decimated the clam population in a 
given area, it is unlikely that they would remain, with the 
food supply gone. Furthermore, leeches are quite active and 
it is likely that they may move considerable distances to feed. 
After feeding, they may leave the area in search of shelter. 
Since shelter areas are unevenly distributed leech dis­
tribution tends to be spotty, and it is difficult to formulate 
reliable population estimates. Shelter for leeches in Pool 19 
includes empty unionid shells, stones, sticks and other detri­
tus. Accumulations of empty sphaeriid shells are frequently 
utilized for protection by G^. compl anata and ji. stagnai i s. 
Close to shore, plant stems and leaves provide cover. In 
general, areas providing abundant cover for leeches do not 
provide optimal habitat for sphaeriids. £. punctata frequently 
1 5 3  
burrows into the substrate and is probably less dependent 
upon shelter than G. complanata or . stagnai is. 
In September» 1967, large specimens of transversum 
were dropped into an aquarium containing G. complanata and 
IH. stagnal is which had been food deprived for about two 
weeks. The leeches attacked vigorously, and within a few 
hours only the shells remained. Even the embryos were devoured 
by smaller leeches. Glossiphonia and Helobdella are typically 
"blood sucking" leeches (Mann, 1962). However, Mann also 
stated, p. 43, "G1ossi phoni a plunges its proboscis into the 
tissues of a freshwater snail and after removing the liquids 
it may finally suck all the soft parts out of the shell." A 
clam placed into a container with a single leech would be 
killed but only partially consumed. After one or two days, 
the leech usually would kill and partially devour another clam, 
if one were presented. Leeches were never observed to return 
to their kill to feed, but other leeches, when present, some­
times fed on the clam's remains. 
In aquaria, leech attacks were very similar. When the 
clam was first placed into the container, the leech remained 
quiescent; then, apparently sensing the presence of the clam, 
it began moving its anterior end about in exploratory arcs. 
When the clam was discovered, the leech grasped the clam's 
shell with its anterior sucker. The posterior sucker was 
quickly brought forward and attached to the shell, permitting 
the anterior sucker to further explore the prey. In all 
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instances, the leeches oriented themselves so that their 
anterior ends were directed toward the ventral edge of the 
clam's shell. Prior to the final assault, the leech swung 
its anterior end in a slow arc along the ventral edge of the 
clam to withdraw its foot and to clamp its valves together. 
Eventually, the leech stopped exploring and waited with its 
body arched and its anterior end poised above the ventral 
edge of the clam. Usually, the wait was not long, as the 
clam soon opened its shell to project its foot. Generally, 
the leech waited as the shell opened wider and the foot was 
extended out of the shell. Then, the leech would thrust 
about the anterior one third if its body into the crevice 
between the valves. Inevitably the clam's valves clamped 
together, catching and squeezing the leech between them--
always too late to protect its vulnerable soft parts. The 
posterior sucker remained attached, even as the leech was 
being forcibly squeezed by the clam. Presently, the clam 
died or lost muscular control and the shell gaped open, 
releasing the leech. The leech generally continued to feed, 
seemingly unaffected by its sudden liberation. The mode of 
leech attack in the natural environment could not be observed; 
however, since the attack appeared stereotyped, it probably 
is similar to that observed in the laboratory. Since attach­
ment of the posterior sucker appears to be an integral part 
of the leech's attack, it is doubtful that large leeches can 
successfully attack small clams. 
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Fish Prédation 
Introduction 
Hoopes (1959), Jude (1968), and Ranthum (1969) investi­
gated the food habits of fish in Pool 19. Most fish fed 
heavily upon insect larvae, particularly Hexaqeni a spp. 
naiads. However, several species utilized sphaeriids, also. 
Channel catfish, carp (Cyprinus carpio), bullheads ( Ictalurus 
spp.), and gizzard shad (Dorosoma cepedianum), were major 
predators on fingernail clams. The latter three species 
were especially abundant in shallow water. Vegetated areas 
appeared particularly suitable for carp and bullheads. The 
amount of sphaeriids consumed by fish could not be ascertained, 
since neither feeding rates nor population estimates of fish 
were determined. However, fish prédation in some areas may 
have been great enough to suppress expansion of the sphaeriid 
populati on. 
During 1966 and 1967, few sphaeriids or other benthic 
organisms occurred in shallow water areas associated with 
aquatic vegetation. In one such area, transect 5 station 2, 
sphaeriids held in retaining devices grew rapidly and produced 
many offspring. The major effect of the rearing chamber 
seemed to have been in precluding fish prédation. Even the 
substrate surrounding the growth apparatus appeared to have 
a slightly higher sphaeriid population than normal. Field 
experiments were initiated to test the hypothesis that 
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overharvest of sphaeriids by vertebrates, primarily fish, 
may suppress population expansion. 
Procedures 
On November 17, 1957, nine enclosures, in groups of 
three, were placed in shallow water areas. Two groups were 
placed near station 2 on transect 5 (Fig. 1). Because the 
water at station 2 was only 53 cm deep, it was feared enclo­
sures might be destroyed by shifting ice. Consequently, the 
third set of enclosures was placed in a more sheltered and 
slightly deeper area at station 1 on transect 4 (Fig. 1). 
Station 2, with its soft, pale gray substrate, was more 
representative of shallow areas with low standing crops than 
station 1, where the substrate was firmer and darker. In 
addition, station 2 was over 200 meters from shore, while 
station 1 was about 20 meters from shore. 
The enclosures, approximately 91 cm square and 25 cm 
high, were constructed of angle iron; the top, a hinged door 
and two or four sides were covered with fine mesh hardware 
cloth (Fig. 12). The bottom was left open. A strip of 
aluminum about 15 cm high was placed on each side of the 
enclosures. The strips were positioned so the lower one 
half projected into the substrate when the enclosure was in 
use. Two aluminum flanges, about 25 cm wide and 91 cm long, 
on each enclosure assured that the enclosures were inserted 
the proper depth in the substrate. Upon contact with the 
Figure 12. Enclosure, frontal view, used to exclude vertebrate prédation 
HARDWARE 
CLOTH 
25cm 
15cm 
SUBSTRATE 
LEVEL 
91cm 
T 
1 m 
igii i^SaiBiaS^SaBaBBaBSBBSBSBSESSBaBSBaBSS 
ALUMINUM 
RESTRAINER 
91 cm 
ALUMINUM 
FLANGE 
cn 
159  
substrate, the flanges offered enough resistance to prevent 
deeper penetration. 
Three enclosures were left with two opposite sides open 
to act as controls. Fish and other animals could come and 
go freely through the open sides. One control was included 
in each group of three enclosures. The enclosures were 
situated in series about one meter apart. Positioning 
within the group was randomly determined. To be certain 
that a sphaeriid population was present, one control and one 
experimental enclosure in each group was "seeded" with one 
hundred S^. transversum. The clams exceeded 10.0 mm in length 
and were collected near transect 3 station 1. The remaining 
enclosure was left "unseeded" to determine how rapidly the 
existing population could expand. 
It was recognized that some of the smaller clams might 
escape by climbing up the aluminum restrainer and out through 
the hardware cloth. Larger clams could not escape from 
experimental chambers but conceivably could have escaped from 
the controls. However, the purpose of the aluminum restrainer 
was to prevent horizontal escape of any size group. Clams 
could escape only by burrowing or climbing vertically about 
7.5 cm. Because of the relatively large area encompassed by 
the enclosure it is highly unlikely that many clams escaped. 
In the spring of 1968, it was discovered two enclosures in 
one group at station two had been severely damaged by ice. 
Data from this group of enclosures were not collected. Three 
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core samples were taken from each of the other enclosures 
on June 15» August 18, and October 12, 1968, using a plexi­
glass tube with an inside diameter of about 34 mm. In June, 
samples were collected about 20 cm from each of three 
corners of the enclosures. In August and October, samples 
were collected a few centimeters from June sampling sites. 
In October, three additional samples were taken about 2 
meters from the enclosures at station 2. The samples were 
immediately screened and the organisms stored in 10 per 
cent buffered formalin. 
Results and Pi scussi on 
In June, the sphaeriid population was low in all 
enclosures (Fig. 13; Table 26). However, the experimental 
enclosures in group II contained about four times as many 
clams as the control. Differences between enclosures in 
group I were not so pronounced. By August, the sphaeriid 
population in experimental enclosures in group II had 
2 increased to nearly 50,000/m , about 8 times that of the 
control. At station 1, the experimental enclosures 
averaged about 4 to 5 times as many clams as the control. 
Clam density in experimental enclosures at station 2 was 
over twice that at station 1. 
Between August and October, the rate of increase in 
numbers of clams within the experimental enclosures tapered 
off, while the rate within the controls became greater. 
Figure 13. Number of transversum in two sets of three 
enclosures in Pool 19, Mississippi River. 
Lines C and D represent enclosures that were 
not seeded and B and F were controls. G based 
upon samples taken near enclosures 
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Table 26, Mean numbers (per square meter) and standard deviations of S. transversum 
in two sets of three enclosures in Pool 19, Mississippi River, Enclosures 
C and D were "unseeded." For G, in June and August, four core samples 
with a diameter of 7,62 cm were taken 
End osure Jun Auq Oct 
X SD X SD X SD 
Set I (station 1) 
A (experimental) 4,157+ 3,118 21 ,130 + 13,844 33,603+ 11 ,454 
B (control) 1,725+ 613 3,804+ 3,004 17,669+ 15,310 
C (experimental) 1,382+ 1 ,590 13,512+ 4,532 14,208+ 2,162 
Set II (Station 2) 
D (experimental) 7,962+ 1 ,206 46,418+ 15,071 58,548+ 8,409 
E (experimental) 9,001+ 1 ,206 48,850+ 8 ,180  49,547+ 5,228 
F (control) 2,422+ 613 5,540+ 613 14,208+ 10,664 
Outside (station 2) 
G (near enclosures) 767 + 522 1 ,699 + 765 3,461+ 3,347 
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Population increases within the controls appeared to result 
from greater reproduction. At station 2, the control con­
tained about one fourth as many clams as the experimental 
units and about four times as many clams as areas outside. 
"Seeding" enclosures appeared to have little effect on popu­
lation expansion. 
In the enclosures at station 1, nearly all of the large 
clams died between August and October; however, because of 
reproduction, overall density increased. An abundance of 
empty sphaeriid shells of large size attested to the fact 
that the clams had not escaped and had not recently died. 
Leeches were abundant on the enclosures and may have killed 
the clams. Because the area was sheltered and contained large 
quantities of decaying organic matter, oxygen depletion or 
accumulations of hydrogen sulfide may have killed the clams. 
It is noteworthy that the smaller clams, buried in the sub­
strate (Table 27), survived the catastrophe and probably could 
have quickly repopulated the area when conditions became 
favorable. 
Fish prédation appeared to have suppressed population 
expansion at both sites; however, the effect is more 
noticeable at station 2, where large clams continued to 
thrive. Carp, bullheads, and gizzard shad were probably the 
most important predators in shallow water. Waterfowl préda­
tion should have little, lasting effect on the clam popula­
tion, because diving ducks are absent from early May to 
1 6 5  
mid-October. During the interim, the sphaeri id population 
would have an opportunity to recover, if fish prédation were 
eliminated. Clam populations within the enclosures increased 
by over 500 per cent, between June and August. 
The clam population did not continue to expand as 
rapidly as expected. The overall slowdown may have been due 
to increasing leech prédation. The presence of rich food 
supplies and abundant shelter provided by the enclosures 
probably concentrated leeches. The slowdown might also have 
been caused by other environmental conditions. 
The results of this investigation suggest that hundreds 
of hectares of Pool 19 may be fallow, benthologically, due 
to overharvest by some species of fish. Control of fish 
populations should increase the standing crop of benthos. 
Production might also be increased. 
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VERTICAL DISTRIBUTION OF SPHAERIUM TRANSVERSUM 
Introducti on 
Vertical distribution of bottom fauna in the substrate 
is important to the investigator who, upon the basis of 
samples, formulates population estimates. The sampling 
apparatus must reach the maximum depth containing the 
organism(s) being studied. The location of organisms in the 
substrate may be of paramount importance in determining their 
availability to fish, waterfowl and other predators. 
Vertical distribution of benthic organisms, in fresh 
water, has been investigated by Rawson (1930), Lenz (1931), 
Cole (1953), Kajak (1958), and Ford (1962) among others. 
Yet, little information is available on vertical distribution 
of sphaeri ids. Rawson (1930) found nearly all benthic orga­
nisms in the upper 2 cm of substrate in Lake Simcoe. However, 
it is not clear whether Pisidi um and Sphaeri um were present in 
samples analyzed to determine vertical distribution. Cole 
(1953) mentioned only one small Sphaeri um sp. 3 to 4 cm below 
the substrate surface in Douglas Lake. In Selenter Lake, 
Lenz (1931) found Pi s idi um sp. from 10 to 12 cm below the sub­
strate surface, with greatest density between 4 and 6 cm. 
Gilmore (1917) stated that S^. simile buries itself 2.5 cm 
or more below the substrate surface but provided no basis 
for his statement. 
The object of this study was to investigate vertical 
distribution of S. transversum in Pool 19. 
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Procedures 
Samples were collected during July, 1967, and October, 
1968, using a frozen-core sampler (Shapiro, 1958). In 1967, 
eight cores were collected at six sampling stations. Examina­
tion of cores from 1967 indicated need for additional samples 
from areas with clayey silt substrates. Therefore, four 
samples were taken: one at transect 4 station 1, and three 
at transect 5 station 2. The cores were collected inside of 
clam enclosures (used to preclude vertebrate prédation) where 
clam density was high. Two additional samples were taken 
at transect 3 station 6, to determine if distribution of 
clams in October, 1968, was similar to that observed in 
July, 1967. 
The frozen cores, 3.18 cm in diameter, ranged from about 
8 to 20 cm in length. Cores were frozen in situ, removed from 
the river, placed in an ice chest with dry ice, and trans­
ported back to the laboratory where they were kept frozen. 
Prior to examination, cores were placed on a layer of paper 
towels and thawed at room temperature. The towels absorbed 
excess moisture as the samples melted, leaving the cores 
damp but firm, with sediments in place. 
Cross sections, 13 mm thick, were cut from the cores and 
screened through a No. 25 (U.S. Series Equiv.) sieve. The 
clams were removed, counted, and stored in 10 per cent buffered 
formalin prior to measurement. Small clams were measured using 
an ocular micrometer and larger clams using a vernier caliper. 
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Differential freezing rates of water and substrate 
caused the upper portion of the cores to be slightly dis­
torted and frozen with a convex contour. Consequently, 
determination of the upper 13 mm of substrate was somewhat 
subjective. But it is unlikely that measurement errors 
greater than 3 to 4 mm would have occurred. Location on 
subsequent sections included errors of the same magnitude 
as the first, since the location of each section was based 
upon that of the preceding section. For example, had the 
first section been 17 mm long instead of the prescribed 13 
mm, the next section would have been located from 17 to 30 
mm beneath the surface rather than the prescribed 13 to 26 
mm. Also, any compaction of the substrate by the sampler 
would bias the results slightly. Probably little compaction 
occurred. 
Results 
Clams were unevenly distributed in the substrate, with 
smaller clams being deeper than large ones (Table 27). Few 
clams exceeding 3.0 mm in length were deeper than 13 mm and 
none were deeper than 26 mm. Clams deeper than 26 mm in 
the substrate averaged 2.1 mm in length, with the longest 
being 2.7 mm. At birth, clams average between 2.0 end 2.4 
mm in length. 
Clam density was greatest in the upper 13 mm of sub­
strate, followed closely by the density at 26 to 39 mm. A 
Table 27. Numbers and lengths of S. transversum at various depths in the 
substrate at eight stations in Pool 19, Mississippi River, Data for 
T3S6A (Transect 3 station 6A) and T5S2 are means of three samples. 
Data for T3S6B are means of two samples. At other stations a 
single sample was taken, (#, number of clams; x, mean clam length 
and R, range in length in mm,) 
Substrates--( Sand ) (Clayey ( Clay-Sand ) ( Clayey Silt ) 
Sand ) 
Stations- - T3S6A T3S6B T3S7 T3S4 T3S8 T3S9 T3S10 T4S1 T5S2 
Depth mm # 28,0 3,5 22.0 18,0 19.0 12,0 9.0 1 .0 8.0 
0-13 X 5.8 5.4 5.2 4,2 6,0 4,9 6,1 9,8 5,8 
R 2,6-9,3 2,1-7,7 3,0-7,1 1,9-7,0 2,0-10,2 3,6-7, 1 3.1-8,1 - - - 2,2-10,0 
f 9,0 0,5 8,0 2,0 5,0 3.0 0 1 .0 2.7 13-26 X 2,5 2,4 2,2 2,2 6,1 2.1 3,1 5.3 
R 2,0-6,9 - - - 1 ,9-2,4 2,1-2,3 2.6-8,1 2,0-2, 2 — — 1,9-11,1 
# 20,0 2,5 33,0 18,0 21 ,0 2,0 5,0 0 1.7 
26-39 X 2.3 2,1 2.3 2,1 2,1 2,0 2.0 2,0 
R 2,0-2.7 1,7-2,2 1,7-2,6 1 ,8-2,5 1.9-2.4 1,9-2, 1 1.9-2,0 1.8-2.2 
f 4,8 1.5 16,0 11,0 15,0 0 4.0 0 5.0 39-52 X 2.2 2,0 2,1 2,1 2,3 2.3 2.0 
R 2.0-2,5 2,0-2,1 1 ,9-2,4 1,7-2,5 2,1-2,6 2.2-2,4 1.9-2.2 
i 1,7 0,5 1 ,0 0 4,0 14,0 0 0 6,0 52-65 X 2,1 2,0 2,1 2,1 1.9 2.0 
R 1,8-2,3 « « - - " 1,9-2.2 1,8-2, 2 1.8-2,2 
i 0 0 0 0 0 5.0 0 4.0 8.0 65-78 X 1,9 2.0 2.1 
R 1.6-2. 2 1.9-2,2 1 .8-2.2 
Î 0 0 0 «###»* 0 0 0 5.0 5.7 
78-91 X 2,0 2.1 
R 1.9-2.2 1.9-2,5 
91-104 
104-117 
117-130 
130-143 
143-156 
156-169 
# 
X 
R 
# 
X 
R 
# 
X 
R 
# 
X 
R 
f 
X 
R 
# 
X 
R 
169-182 # 
182-195 # 
1 6 . 0  
2 . 0  
1.7-2.3 1 
14.0 
2 . 1  
1.9-2.2 1 
0 
1.7 
2 , 1  
9-2 
0.7 
1 .9 
9-2 
0 
1  . 0  
2 . 1  
0.3 
2 . 1  
0 0 
0.3 
2 . 1  
0 
0 
0 
0 
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few clams occurred 156 to 169 mm below the substrate sur­
face. Maximum penetration occurred in clayey silt at sta­
tion 2. Clam penetration was least in sandiest substrates. 
Discussion 
The presence of small fingernail clams at various 
depths in the substrate indicated vertical migration had 
occurred. That small clams are less dense than sand or 
silt rules out the possibility of their having passively 
sunk into the substrate. One might conjecture that some 
clams were covered by shifting substrata. However, layers 
of empty sphaeriid shells deposited in previous years were 
present in some cores, indicating the substrate had not 
recently shifted. Living clams were found above and below 
the shell layers. 
Freezing the cores took 5 to 15 minutes and some clams 
may have changed position in the substrate. Extensive move­
ment was unlikely because clams typically respond to 
disturbances by clamping their valves together rather than 
moving away. But as a check, two unfrozen-core samples were 
taken with plexiglass tubes, at transect 5 station 2. The 
unfrozen cores were quickly removed from the tubes and 
divided into sections about 40 mm long. It was impossible 
to accurately divide the unfrozen cores into shorter sec­
tions under field conditions. Numbers and sizes of clams in 
the unfrozen samples were similar to those in comparable 
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strata in frozen cores. Apparently, clams did not move far 
while the cores were freezing. 
It was unclear which size groups of clams migrated. 
Conceivably, mature clams might burrow into the substrate, 
discharge young, then crawl back to the substrate surface. 
Later, the young would move nearer the surface. Such a pro­
cedure would require several migrations because offspring are 
discharged periodically. Moreover, if large clams migrated 
it is probable that some would have been frozen deeper than 
26 mm in the cores. 
It is more probable that young clams are discharged from 
the parents within the upper 26 mm of substrate, then move 
downward. After an undetermined period, the clams return to 
the upper substrata where growth occurs. The small size of 
the clams deeper than 26 mm (Table 27) suggests that most 
growth occurs in the upper strata. 
Without more information it is hazardous to theorize as 
to the cause(s) of the migration. However, migration may be 
an integral part of the clam's life or it may be a response 
to intraspecific competition for space. The second alterna­
tive seems plausible, but in many instances, the clams bur­
rowed deeper than would have been necessary to reach areas 
of low density. The stratum from 13 to 26 mm contained only 
about 1/3 as many clams as the stratum from 26 to 39 mm. 
However, S^. trans vers um possesses a very extensible foot which 
might penetrate deeply enough to disturb clams in the stratum 
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13-26 mm deep. Even so, at station 9, clam density was 
greatest at 52 to 65 mm in depth and only 5 small clams were 
in the 39 mm of substrate immediately above. At transect 4 
station 1, 40 clams were found 65 mm deep or deeper, while 
only 2 clams were found in the upper 65 mm. 
At first, the data from transect 4 station 1 appear to 
suggest that competition for space is of little importance in 
causing migration. However, in August, 1968, the enclosure 
contained a much higher population of large sphaeriids than 
in October. It is not clear what mishap befell the clams 
between August and October, but migration to lower substrata 
may have preceded the population decline. 
Clam penetration was greatest in soft clayey silt areas 
and less in sandier substrates. The substrate at station 10 
was unusually firm, particularly in lower strata, and may 
have restricted clam penetration (Table 27). Clayey silt 
substrates probably offer less resistance to clam penetra­
tion than sandier ones. Furthermore, clayey silts may better 
maintain the integrity of the tunnel leading to the water 
column. Gilmore (1917) observed S^. simile buried in the sub­
strate communicated to the water column through small holes. 
But even if the walls of the burrow did not collapse, the 
upper end of the tunnels might be sealed by larger clams 
moving near the substrate surface. 
Communication with the water column may not be essential 
if the small clams are in a "resting-state." Some young 
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S^. transversum held in the laboratory during July, 1967, did 
not grow and appeared to be "dormant" or in a "resting-state." 
It would not be surprising if small clams, in the natural 
environment, became "dormant" as water temperatures decrease 
in autumn. One would not expect clams to be "dormant" during 
July, when growing conditions should be ideal. Laboratory 
experiments and more field observations are needed to clarify 
causes and mechanisms of vertical migration. 
Clams and other organisms deep in the substrate increase 
complexity of benthic sampling. Some sampling devices, such 
as the Ekman dredge, would not penetrate deeply enough to 
collect clams in lower strata. Heavier dredges, such as 
the Ponar, would penetrate deeper and obtain more of the 
clams. A core sampler with a handle would be superior to the 
dredges, in shallow water, since it could be forced farther 
into the substrate. 
The frozen-core sampler utilized in this study functioned 
acceptably but had two major limitations besides its small 
diameter. First, the necessity of a compartment to hold the 
coolant increased the sampler's overall diameter. As a 
result, the sampler could not be forced far into firm sub­
strates and short cores were obtained. Second, from 15 to 
30 minutes were required to obtain each core. In areas with 
firm substrates and rapid current, the sampler was least 
efficient and sometime required about 15 minutes to freeze 
the core. An additional 10 to 15 minutes were spent loading 
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the sampler with dry ice and alcohol and removing the core 
after freezing. 
A non-freezing core sampler with a plexiglass tube liner 
would be better. The total diameter of the sampler could be 
decreased without reducing core diameter. Greater penetra­
tion and longer cores would be possible. The cores could be 
removed in their tubes, corked, and placed into a dry ice-
alcohol bath to freeze. Several cores could freeze simul­
taneously and sampling time would be reduced. 
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POPULATION SIZE AND STRUCTURE OF SPHAERIUM TRANSVERSUM 
Because sampling apparatus and procedures employed from 
March through May, 1957, differed from those employed later, 
the results from the two periods are comparable only in a 
general way. Furthermore, floating debris removed buoys from 
some stations making exact relocation improbable. Data from 
five stations where buoys were not lost are compared in 
Table 28. Larger clams were somewhat more abundant in March 
and April samples than in May. 
In May, less than one per cent of the sphaeriids exceeded 
2 mm in width (widths may be converted to lengths using 
Table 14). By the middle of June, apparently due to rapid 
clam growth, 31 per cent exceeded 2 mm in width. 
Diving duck prédation, coupled with slow clam growth, 
appear to retard population expansion of sphaeriids in April 
and early May. Fish, which are important predators when the 
water warms, do not feed intensively in March and April (Jude, 
1968, personal communication). Diving duck prédation is inten­
sive in spring (Thompson, 1969) and probably removes a high 
percentage of large clams. The removal of large clams pre­
vents reproduction and the population cannot expand much. A 
paucity of clams over 2 mm in width means that growth of small 
clams is slow in April. It might be contended that clams are 
growing in April and the lack of large individuals is due to 
harvest by diving ducks. If small clams were growing rapidly 
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Table 28. Numbers of S. transversum less than and more 
than 2 mm wide in May and June, 1967. (May 
samples consisted of a single Petersen dredge 
haul while June samples consisted of four 
7.62 core samples.) 
Clam 4-6 May 13-19 June 
T ransect Stati on wi dth 1967 1967 
3 4 <2 mm 7,514 4,770 
>2 mm 143 987 
3 6 <2 mm 8,557 18.474 
>2 mm 13 2,357 
3 9 <2 mm 1 ,357 4,715 
>2 mm 13 3,947 
3 10 <2 mm 4,813 657 
>2 mm 0 1 ,699 
4 14 <2 mm 16,748 9,593 
>2 mm 0 8,333 
and being harvested by ducks, the number of small clams would 
decline due to a lack of reproduction at many stations. Num­
bers of small clams changed little between April and May. 
Mean numbers of sphaeriids from June through December 
are plotted for seven stations (Fig. 14). Data from stations 
5 and 9 which were not sampled every month were not included. 
Sphaeriid growth apparently was high until July or August. 
The sphaeriid population rose spectacularly as reproduction 
occurred and by August, over 50,000 clams per square meter 
were present. About 35,000 of the clams were young, less 
than 1 mm wide. 
Fig. 14. Average number of S. transversum at seven stations 
from July to DeceraFer, 1967. TÂ, total clams; 
B, clams less than 1 mm wide; C, clams over 1 mm 
wi de) 
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Growth appears to have slowed down in late summer, at 
least in some size classes, as was evidenced by a lack of 
clams in size group 6 at some stations. Slower growth may 
account for part of the sharp increase in numbers of clams 
less than 1 mm wide observed between July and August. That 
is, as growth rate diminished, accumulation of small indi­
viduals would occur, if reproduction continued. 
Numbers of clams over 1 mm wide, began a decline in 
August that continued through December. By December, the 
population was comprised almost entirely of clams less than 
1 mm wide with only about 2,000 clams per square meter being 
wider. At the same time, the number of clams less than 1 
mm wide remained fairly constant, indicating that growth was 
generally slow, if reproduction had stopped. Reproduction 
probably stops in winter. Reproduction could not have 
occurred in November and December at stations 8 and 10 
because large clams were absent (Fig. 15). Numbers of small 
clams did not change appreciably at either station during 
November or December. Thiel (1928) found that S^. corneum 
ceased growing when water temperatures fell to 8 or 9°C. 
Rapid clam growth, coupled with continual discharge of 
young, precluded following growth changes within any segment 
of the population. Even if the interval between samples was 
reduced it is doubtful that growth changes could be followed. 
However, gross changes can be observed. Population 
changes at most stations were similar throughout the sampling 
Fig. 15. Size class distribution of S. transversum from June through December, 
1967. {Size class designation! 1, less than 1 mm wide; 2, 1-2 mm; 
3, 2-3 mm; 4, 3-4 mm; 5, 4-5 mm; 6, over 5 mm). Station numbers are 
preceded by an S, Note logarithmic scale 
182 
,««/000l 
1 8 3  
period. Most divergence occurred at station 1, where the 
population declined in summer and rose in fall and early 
winter. The fact that station 1 was a back-water area 
suggests that the agents controlling sphaeriid populations 
in vegetated areas differ from those controlling populations 
in open water areas. At station 1, fish prédation may have 
been important in reducing the clam population during the 
summer. In autumn, fish prédation may have decreased as 
water temperatures declined. In addition, prédation on 
sphaeriids may have been relieved by increased use of other 
aquatic invertebrates. Plant associated organisms, such as 
amphipods, odonates, and some snails, probably become much 
more vulnerable to fish prédation in fall as vegetation beds 
begin to disintegrate. In addition, unfavorable water condi­
tions may have been important in controlling clam growth and 
population expansion. In July, 1967, most clams collected 
at station 1 had not been feeding. 
At other stations, clams over 4.0 mm in width were absent, 
or nearly so, in fall and early winter. The presence of all 
sizes of S^. transversum at station 1 demonstrated that low 
water temperature could be tolerated and probably was not 
the cause of decline at other stations. Large clams were 
present throughout the winter at station 1 and the largest 
specimen of S^- trans vers um collected came from station 1 in 
March, 1968. 
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Clams in the largest size groups usually disappeared 
first, with clams in progressively smaller size classes 
disappearing later. For example, at station 10 size class 6 
was present in June but absent in July and subsequent months. 
In July, the number of clams in size class 5 diminished, while 
size classes 1 to 4 were still increasing. In September, 
size class 5 was absent and size groups 2-4 declined sharply. 
In October, only size class 1 remained. Unless migration 
occurred, mortality occurred in various size classes. Since 
the number of large clams simultaneously decreased at several 
stations, it does not seem likely that migration played a 
significant role. Clams produced in July and August some­
times grew into size classes 2, 3, or 4 and then died, with­
out attaining full size. The cause of death is not certain. 
Thiel (1928) reported that S^. corneum did not reach 
maximum size in areas that were "overpopulated," At stations 
6, 8, and 14 clams of size class 6 were absent during almost 
all sampling periods. It seems probable that when the popu­
lation of S^. trans vers um is high, "stunting" or perhaps growth 
inhibition may occur. The factor or factors limiting growth 
are not known. Clams did not appear to suffer a lack of food. 
Clams opened for embryo counts contained sizable amounts of 
food in their intestine. 
In general, it is believed that population densities in 
different areas may be controlled by different factors. In 
shallow water adjacent to vegetation, sphaeriid populations 
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appear to be held at an extremely low level by intensive 
fish prédation. Since breeding stock is scanty, only a few 
offspring could be produced. In many areas over exploita­
tion by fish may result in decreased production. Few 
glossiphonids inhabit shallow areas where the substrates are 
suft and leech prédation probably has little effect on the 
sphaeriid population. In shallow areas where organic 
material is abundant, unfavorable water conditions may kill 
most of the larger clams. 
In open water areas fish prédation probably crops the 
sphaeriid populations rather than suppressing it. Since 
population density appears to affect growth rate the removal 
of a portion of the population by fish may result in increased 
production. Hexagenia probably serves as a buffer species 
for 2- trans vers um until late July when most of the nymphs 
have emerged. 
Waterfowl prédation in early spring is important and 
may temporarily retard population expansion in some areas. 
Since diving ducks leave the pool before June there is ample 
time for the population to recover. 
In July and August the population continued to expand 
at most stations but larger clams begin to disappear (Fig. 15). 
At station 14 mortality of larger clams probably resulted 
from massive infestations of larval trematodes. Between 
July and August, clams 4-5 mm wide (size class 5) disappeared. 
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At the same time clams in size classes 5 or 6 disappeared 
or decreased in number at stations 4, 6, 7, 9 and 10. If 
parasitism was killing clams at station 14 it may have caused 
mortality in other areas. 
Leech prédation is an important factor in removing large 
clams from the population. Because of the way leeches attack, 
larger clams probably are selected for by all but very small 
leeches. At station 8, in September (Fig. 15) leeches became 
abundant (5,975 per square meter). Incriminatingly, clams 
over 1 mm wide disappeared before the October sampling period. 
At station 10, the leech population increased from 55 per 
square meter in July to 1,480 per square meter in August. 
Between August and September, clams over 1 mm thick virtually 
disappeared. On the other hand, the leech population was 
never estimated at more than 164 per square meter at station 
14 during 1967. Yet, the population of large clams, which 
had begun to decline between August and September, almost 
disappeared by December. Declining numbers of large clams 
without concomitant increases in the number of leeches was 
also observed at some other stations. 
From October through December the number of clams in 
size classes larger than 1 mm wide generally declined. Much 
of the decline may have resulted from the return of diving 
ducks. It was estimated that diving ducks harvested nearly 
25 per cent of the standing crop of sphaeriids present in 
September. 
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At almost every station (Fig. 15) sphaeriids less than 
1 mm wide dominated the population (numerically) each sampling 
period. The small clams may be the most important component 
of the population in that they are located deeper in the 
substrate and may escape prédation and unfavorable water 
conditions. It is likely that the small clams may be in a 
resting-state and not actively competing for food with the 
larger clams. The resilience provided by the small clams 
probably accounts for much of S^, transversum's success in 
Pool 19. 
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SUBSTRATE PREFERENCE OF SPHAERIUM TRANSVERSUM 
Introducti on 
In Pool 19, substrates such as hard clay, rock, pebbles, 
and accumulations of empty sphaeriid shells usually contain 
few living sphaeriids. The predominate substrates, sand, 
mud, and combinations of the two, frequently supported very 
high populations. However, the relative abundance of an 
organism in a particular substrate may be of little value as 
an index to its preferred substrate. Prédation, competition, 
disease, and other factors may influence population density. 
Indeed, in Pool 19 clayey silt substrates in some areas 
contained tremendous populations, while similar appearing 
substrates at other stations contained very low populations. 
Casual observations (Sterki, 1909; Baker, 1928; and Goodrich, 
1932} indicate that _S. transversum occurs in mud, sand, gravel, 
and sometimes, among large rocks. 
To determine whether sand, mud, or sandy-mud was preferred 
by S^. transversum, laboratory experiments were conducted 
during July and August of 1967. The experiments were carried 
out in a field laboratory located above Fort Madison (Fig. 1). 
Procedures 
To preclude the possibility of experimental organisms 
congregating, due to "corner-effects", a circular substrate 
apparatus was designed. Use of the circular substrate arrange­
ment provided the additional advantage of enabling dispersal 
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tendencies (column effects) to be measured simultaneously 
with substrate selection (treatment differences). Use of a 
modified 3x3 latin square with 4 repetitions permitted each 
substrate to be preceded 4 times by each of the other two 
substrates, enabling "residual" or "carryover" effects to 
be measured. 
Experimental equipment (Fig. 16) consisted of a circular 
substrate frame, two concrete substrate holders with starting 
disks, and a plywood aquarium. The substrate frame, consist­
ing of 36 compartments, was constructed of galvanized metal 
approxii %ely 1.3 mm thick. Surface areas of compartments 
in rows . 2, and 3 were approximately 61, 47, and 34 square 
centimeter respectively. All compartments were 5.0 cm deep. 
The substrate holder was made of concrete, molded to 
fit snugly around-the substrate frame. The periphery of the 
holder was surrounded by a screen about 5 cm high, to prevent 
clams from escaping. After the substrate frame was placed 
into the holder, the compartments were filled with substrates, 
approximately flush with the top of the holder. Distribution 
of substrates within the holder followed a plan (Fig. 16) 
adopted from Cochran and Cox (1957). 
To facilitate lateral clam movement, the substrate 
frame was removed before Initiation of the experiment. Some 
difficulty in maintaining level substrate surfaces was 
encountered when the frame was removed. Usually sand had 
to be added. 
Fig. 16. Apparatus employed in substrate preference 
experiments and arrangement of substrates 
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Clayey silt used in the experiment was obtained from 
transect 4 station 14. Sand was obtained from the river 
shore near the laboratory. Both sand and mud were screened 
to remove detritus and sphaeriids of all sizes. Sandy-mud 
was obtained by mixing equal amounts of mud and sand together. 
After filling, the substrate holders were placed into 
the aquarium and gradually inundated with river water to a 
depth of about 2 to 4 cm. A constant flush was maintained 
at a rate of 2 to 4 liters per minute, with filtered river 
water. Filtration through a glass-gravel filter removed 
most suspended sediments and helped maintain the integrity 
of the substrate surface. Pump failure interrupted water 
flow 12 to 24 hours on the second day of experiment I. To 
initiate the experiments, clams were liberated in the center 
of the starting disk (Fig. 16) and permitted to distribute 
themselves into one of three substrate types. 
The starting disk was made of concrete, forcing the clams 
to move laterally if they were to burrow into the substrate. 
After six days, the experiments were terminated and the loca­
tion of the clams (column, row, and substrate type) were 
recorded. The experiment, consisting of two replicates (with 
4 latin squares in each), was repeated twice. 
Three hundred clams (150 large and 150 small) were 
liberated at the center of the concrete disk (Fig. 16) in 
both replicates of experiment I and in replicate A of 
experiment II. One hundred and fifty clams (75 large and 75 
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small) were utilized in replicate B of experiment I. The 
large clams were about 9-11 mm long and the small clams, 
about 5-7 mm long. Clams were obtained from transect 4 
station 14. Experiment I was initiated 20 July and termi­
nated 26 July. The duration of experiment II was from 
1 August to 7 August. 
To terminate the experiment, the substrate frame was 
replaced into its initial position, redividing the sub­
strates into separate units. The substrate holder was then 
removed from the water, so substrates from each compartment 
could be removed and screened, and the clams counted. 
Results 
Results of experiments I and II are shown in Table 29. 
To adjust for differences in surface area among rows, numbers 
of clams in rows 2 and 3 were multiplied by 1.298 and 1.794 
respectively. The products were rounded to the nearest whole 
digit after analyses were completed. 
Statistical analysis of results are shown in Table 30. 
Analysis of variance was made on the mean numbers of clams 
per unit area, per plot. The absolute number of clams per 
plot could not be used because the plots varied in size. 
However, it was possible to examine the mean differences in 
the absolute numbers of clams between treatments and columns 
because they were of equal size. 
Table 29. Final distribution of S^. transversum in laboratory 
substrate preference experiments. Numbers in 
parentheses have been adjusted for differences in 
surface area 
Experi ment 
Repli cate A B 
Row 1 
2 
3 
Number of clams 
small large total 
30 
(17)13 
(77)43 
17 
(10)  8  
(25)14 
47 
21(27) 
57(102) 
Number of clams 
small large total 
44 4 
(40)31 (1)1 
(88)49 (14)8 
48 
32(42) 
57(102) 
Column 1 7 2 9 12 0 12 
2 7 3 10 7 3 10 
3 9 3 12 12 0 12 
4 3 3 6 7 1 8 
5 9 6 15 6 2 8 
6 10 5 15 11 1 12 
7 2 4 6 7 2 9 
8 1 2 3 14 2 16 
9 1 3 3 16 . 12 1 13 
10 5 0 5 15 1 16 
11 11 3 14 10 0 10 
12 9 5 14 11 ~ 0 n 
Sand 13 8 21 32 2 34 
Sandy-mud 34 n 45 48 7 55 
Mud 39 20 59 44 4 48 
Total 86 39 125 124 1 3 137 
1 9 5  
Experiment 
Replicate 
Number of clams Number of clams 
Row 1 
2 
3 
small large total small large total 
47 30 77 23 11 34 
28(36) 11(14) 39(51) 12(15) 4(5) 16(21) 
33(59) 10(18) 43(77) 17(30) 11(20) 28(50) 
Column 1 13 1 14 4 1 5 
2 12 7 19 2 1 3 
3 7 6 13 3 2 5 
4 8 4 12 5 2 7 
5 11 5 16 4 4 8 
6 10 2 12 5 2 7 
7 4 4 8 3 1 4 
8 11 4 15 5 1 6 
9 6 4 10 7 2 9 
10 10 4 14 5 3 8 
11 8 5 13 2 5 7 
12 8 5 13 7 2 9 
Sand 18 6 24 5 3 8 
Sandy-mud 29 17 46 17 7 24 
Mud 61 28 89 30 16 46 
Total 108 51 159 52 26 78 
Table 30. Analysis of variance for substrate experiments 1 and 2. (Significant 
at 0.01 level indicated by ** and 0.05 level by *) 
Source of Degrees of Mean Calculated Mean Calculated Mean Calculated 
variation freedom square "F" square "F" square "F" 
(Experiment I) (large clams) (small clams) (large & small) 
Replications 1 .26346 13.05** .60376 4.61* .06956 
Rows 2 .16300 8.07** 2.77442 21.19** 4.24367 29.18** 
Columns 11 .01519 0.75 .15244 1.16 .11592 - -
T reatments 2 .02284 1.13 .82639 6.31** 1 .12237 7.72** 
Residual 2 .00001 .18674 . 1 8732 - -
Error 53 .02019 - .13095 mm m .14541 mm — 
(Experiment 11) 
Replications 1 
Rows 2 
Columns 11 
Treatments 2 
Residual 2 
Error 53 
.17640 
.10872 
.02218 
.43508 
.10678 
.03691 
4.78* 
2.95 
11 .79** 
2.89 
1.40504 
.31081 
.06318 
1.79135 
.01165 
.10158 
13.83** 
3.06 
17.63** 
2.57712 
.70668 
.07103 
3.97310 
.1 8559 
.11653 
2 2 . 1 2 * *  
6.06** 
34.09** 
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In both experiments, a significant difference (.01 
level of confidence) was found between the total numbers of 
clams in different substrates. Most clams occurred in mud 
and least in sand. A significant difference (.01) was also 
found between the numbers of clams in different rows in both 
experiments. Row 3, nearest the starting point, contained 
proportionately most clams, and row 2 contained the least. 
No significant difference (.05) was found between column 
means. 
Discussion 
It is apparent that S^. transversum preferred mud to 
sandy-mud or sand. In experiment I, mud was only slightly 
favored over sandy-mud but was greatly preferred to sand. 
In experiment II, mud was clearly preferred over sandy-mud, 
which, in turn, was preferred over sand. 
Large clams did not show a definite preference for any 
substrate in experiment I but displayed a marked preference 
for mud in experiment II. The cause of these conflicting 
results is not nnderstood, but it may be significant that 
mortality of large clams was great. Of 300 large clams 
initially released, only 52 were recovered alive in the sub­
strate. A few others were recovered on the surface of the 
substrate holder. Over two hundred large clams died, of 
which 96 died on and were removed from the starting disk 
within two days after initiation of the experiment. 
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The cause of high mortality among larger clams is 
unknown» but parasitism may have been a major factor. The 
debilitated condition of large clams could have caused 
erratic behavior. Mortality of large clams in experiment II 
was high, but considerably less than in experiment I. 
Smaller clams used in the experiment, apparently in better 
physical condition, discriminated between substrates more 
than the large clams. Part of this difference is due to 
greater numbers of small clams. 
Unequal distribution of clams in rows may have been due 
to two main causes. High clam density in row 3 may indicate 
a tendency for clams to stop in the first substrate they 
reached, especially mud. Most clams which did not stop in 
row 3 continued into row 1, until they could not proceed 
farther without crawling out of the substrate. Some clams 
which crawled onto the holder continued on to the screenwire 
"fence," while others turned back and reentered the substrate. 
Many clams may have remained in row 1 rather than leave the 
substrate. The edge of the substrate holder presented a 
partial barrier to some clams, especially those burrowed 
beneath the surface. Clams in mud usually burrowed com­
pletely out of sight, while clams in sand frequently were 
only partially buried. 
Water current might influence the direction of clam 
dispersal. Directional differences were measured by dif­
ferences in column means. Insignificant differences (.05) 
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between column means suggest water current had no appreciable 
effect on direction of dispersal. But current over the sub­
strate was slight and greater currents might influence clam 
movement. There was no indication that clams had an innate 
tendency to move in any given direction. 
It would have been desirable to have repeated the experi­
ment using clams obtained from stations with sandy substrates. 
Clams might prefer the type of substrate they are accustomed 
to. Problems with the pumping system prevented further 
experimentati on. 
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POSSIBLE EFFECTS OF DREDGING 
The majority of Pool 19 below Fort Madison is shallow 
with rather homogenous, soft, gray substrates of silt and 
clay. But in the study area of 1967 (transect 3), several 
stations had rather sandy substrates with much higher stand­
ing crops of bottom fauna than were observed downstream. 
Some areas on the "sandy-flats" of transect 3 contained well 
over 100,000 benthic organisms per square meter during some 
periods of 1967. 
Dredging will disturb much of transect 3. Stations 1 
and 4 (and maybe 5) will be excavated and deepened to nearly 
3 meters. Station 5 (and perhaps 7) is to receive the exca­
vated substrates and will become more shallow. Whether the 
substrates piled onto the "sandy-flats" will remain there or 
be swept downstream is not certain. Should the area become 
overly shallow, rooted vegetation could become established 
and attract bullheads, carp, and gizzard shad. In Pool 19, 
shallow areas adjacent to vegetation support low standing 
crops of benthos, apparently a result of intensive prédation 
by bullheads, carp and gizzard shad. Such areas yield little 
food to diving ducks. 
More carp were harvested in Pool 19 from 1953 to 1964 
than any other fish (Nord, 1967). Yet, the price of carp is 
extremely low and encouragement of the species may not be 
desirable. Gizzard shad have no commercial or sport value. 
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in Pool 19. Increased numbers of large bullheads would be 
desirable. However, benefits from more bullheads resulting 
from habitat changes would probably be more than offset by 
decreased channel catfish production. 
Increased water depth at station 1 will partially 
eliminate aquatic vegetation, making the area less attrac­
tive to bullheads, carp, and gizzard shad. Therefore, S. 
transversum (of prime importance as diving duck food) and 
Hexagenia (of prime importance to channel catfish) may 
benefit indirectly from dredging through reduced prédation. 
Hexagenia's mobility and transversum's high biotic 
potential should enable excavated areas to repopulate 
quickly. 
Excavations farther from shore probably will not harm 
Hexageni a or S^. transversum populations. But standing crops 
of both organisms might be reduced by increased cropping by 
fish. Some 1967 data indicate increased prédation might 
increase production, in a few areas. 
Since the size of the area to be dredged is small in 
proportion to the size of Pool 19, dredging effects will 
probably be negligible. Likely, it will be difficult, if 
not impossible, to measure significant biotic changes, except 
in vicinity of dredging. 
However, dredging will contribute to an existing problem 
of excessive siltation downstream. A desirable alternative 
would be to place excavated substrates on adjacent land areas. 
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Removal of the substrates from the river would safeguard 
the "sandy-flats" with their high standing crops of bottom 
fauna and minimize disruption of the ecosystem. 
Dredging is not the only threat to wildlife and outdoor 
recreation in Pool 19 near Fort Madison. The area below 
Fort Madison has already been badly violated through con­
struction of levees by industrial concerns. These levees 
block natural water flow around islands, increasing siltation 
and augmenting dense growths of aquatic vegetation. Channel 
catfish habitat becomes carp habitat and the overall life 
expectancy of the backwater area is decreased. 
Blockage of waterways also decreases recreational values 
and imposes hardships upon duck hunters, fishermen, and boaters. 
For example, construction of a "cooling-basin" for a chemical 
plant closed a sheltered-natural passage to one of the most 
heavily utilized duck hunting areas on Pool 19. Hunters 
must now circle Devil's Island to reach their blinds and 
travel time has more than doubled. In periods of high winds 
the hunters risk capsizing or must cancel their hunt. 
Neither dredging nor levee building nor any other single 
act is likely to have great effect upon Pool 19, because of 
its size. But in combination, under the guise of progress 
and development, man's modifications of the pool are gradually 
degrading a valuable natural resource. 
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SUMMARY 
The first of a two phase investigation to determine 
effects of dredging on bottom fauna in Pool 19 was initiated 
in 1966. Utilization of benthos by fish and waterfowl was 
studied simultaneously by other Iowa State University stu­
dents. Bottom fauna data were collected in 1966, but 1967 
and 1968 data form the core of this paper. 
Nine sampling stations were selected on two transects 
near the site of future dredging. Monthly, from June through 
December, four 7.62 cm (diameter) core-samples were collected 
at seven stations. Two additional stations were sampled for a 
shorter period. Results were grouped according to habitat 
type, for presentation. Laboratory analysis of substrate 
particle sizes was most important in delineating habitat and 
grouping stations. 
The molluscan fauna of Pool 19 included 13 species of 
gastropods, 7 species of sphaeriids and 20 species of unionids. 
Additional species of unionids were probably present. 
Qualitatively, the unionids appear to have changed little 
since Ellis surveyed the pool in 1930-31 (van der Schalie 
and van der Schalie, 1950). However, Anodonta imbecillis 
appears to have replaced Amblema plicata as the most abun­
dant species. Densities of S^. transversum in Pool 19 were 
greater than those reported for sphaeriids in other studies. 
2 
Estimates sometimes exceeded 100,000/m . S. transversum was 
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widely distributed, being absent only in areas of bare rock 
and sandy shore, subject to wave action. Other sphaeriids 
were not numerous. 
Somatoqyrus isogonus was one of the most abundant snails 
p 
in fall, with densities reaching 438/m . Because of its 
relatively large size, it is probably the most important 
gastropod in the diet of diving ducks. Fontiqens nickliniana 
and Amnicola lus trica were also important to ducks. Gastropod 
2 densities reached 3,125/m . 
Limnodri1 us hoffmeisteri was the most numerous 
oligochaete at all stations. Up to 33,000 oligochaetes per 
square meter occurred at stations 1 and 9. Glossiphonia 
complanata, Helobdel1 a stagnaiis, and Erpobdel1 a punctata 
were the most common leeches in the study area. Leech 
2 2 density, usually less than 1000/m , ranged up to 68,000/m 
in areas with abundant shelter. G1ossiphonia and Helobdel1 a 
were most plentiful in areas of firm substrate, while 
Erpobdella was more numerous in areas with soft substrates. 
Cryptochi ronomus sp. and Coelotanypus sp. were widely 
distributed in the study area and were the most numerous 
chironomids collected in 1967. The chironomid population 
increased in fall and early winter but was seldom greater 
than 2,000/m^. 
The caddis fly, Oecetis spp., occurred at all stations 
but usually in low densities. Cheumatopsyche sp. was abundant 
at stations 7 and 8 in July. 
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Mayflies, Hexagenia spp., were not abundant at most 
2 
stations, but up to 1,590/m occurred at station 14 in June. 
In winter, Hexaqenia appears to be more abundant in deeper 
water and in summer becomes more abundant in shallow water. 
Because of its large size, Kexaqenia is of paramount impor­
tance as fish food. 
Amphipods, Hyalella azteca, were generally abundant on 
vegetation in shallow water but absent in deeper, open-water 
areas. In fall, as vegetation disappeared, amphipods were 
collected throughout the study area. 
Unusually high standing crops (biomass) of benthos ranged 
2 
up to 11,000 kg/ha in summer. The total number of organisms/m 
was slightly higher in fall. S^. transversum, with a mean of 
2 
about 40,000 clams/m , constituted over 80 per cent of the 
standing crop at all stations from June through December. 
Changes in overall biomass generally reflected changes in 
standing crop of S^. transversum. Greater standing crops 
(biomass) in summer may be characteristic of molluscan 
dominated communities. 
Most of the emphasis in this study was placed on the 
life history of S^. transversum because of its tremendous 
abundance, its importance to waterfowl, and lack of life 
his tory data. 
S^. transversum is a large sphaeriid, sometimes exceeding 
14 mm in length. The thin, rather fragile shell is finely 
striated. Some shells were calyculate (capped). In June, 
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all clams longer than 2-3 mm at station 14 were calyculate; 
whereas, in September none of the clams were calyculate. 
In the laboratory, newly-born young which appeared to have 
undergone a "resting-state" before growing, became calyculate 
after growth occurred; those that lacked a resting-state were 
non-calyculate. 
2. transversum from areas with firm substrate and swift 
current were slightly more fusiform than those from areas con­
taining soft substrates and little current. As S^. transversum 
grew in length, the form of the shell changed gradually 
becoming proportionately lower and wider. 
Like the other sphaeriids, S^. transversum is ovoviviparous. 
The embryos develop within marsupial pouches located within 
the inner gill. Extra-marsupial and larger intra-marsupial 
embryos of _S. transversum and S^. lacustre were attached to the 
parental gill by slender "filaments," but no filaments were 
observed in striati num. The structure and function of the 
filaments, which apparently have not been reported before, is 
unknown. The filaments may prove extremely valuable in 
clarifying taxonomic and evolutionary relationships. 
S^. transversum apparently becomes sexually mature soon 
after birth, since most individuals 5.0 mm long contained 
embryos. Mature clams remained gravid until death. Larger 
clams contained more embryos than medium-sized ones. Up to 
80 embryos occurred in a single clam. In general, S^. trans­
versum appears to contain more embryos than other species. 
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The mean number of embryos per clam was highest in June. 
Clams brought into the laboratory discharged young prematurely, 
with larger embryos being discharged first. 
By measuring calyculi of 131 clams, it was determined 
the clams averaged 2.2 mm long when born, with a range of 1.8 
to 2.8 mm. Embryo size was independent of parental size, 
providing adequate time had elapsed for the embryo to achieve 
maximum size. The largest embryo found was 3.4 mm long. 
Within an individual, the number of marsupial pouches on each 
gill was generally equal, but frequently the number of embryos 
was unequal. 
After clams are born they may enter a resting-state and 
fail to grow for various lengths of time. In laboratory 
growth experiments, some-elams failed to grow for at least 33 
days, while chamber mates grew rapidly. The resting-state 
may have been associated with handling. 
Much of S^. transversum's success in Pool 19 is due to 
rapid growth and reproduction. In laboratory growth experi­
ments, some clams born in July, 1967, grew to maturity in 33 
days or less, increasing in weight about 125 fold. Some clams 
appeared to have discharged young in that time. Comparable 
growth rates were observed in field experiments. 
§-• transversum usually live less than one year. Clams 
born in spring and early summer have a short life span and 
die in late autumn. Clams born in fall overwinter without 
growing and survive until the following autumn. A third 
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group, born in summer, overwinter partially grown and die 
sometime the following year. 
In Pool 19, transversum occurs in almost all types 
of substrates. In substrate preference experiments con­
ducted in the laboratory, transversum preferred mud. 
Sandy-mud and sand ranked second and third, respectively. 
Clam movement during experimentation appeared random and no 
differences due to current or innate dispersal tendencies 
could be detected. The experiments were conducted using a 
circular substrate apparatus and a novel application of a 
widely employed statistical design. 
Frozen-core samples were collected at several stations 
to observe vertical distribution of transversum. Clams 
were stratified within samples. Individuals exceeding 2.5 mm 
in length generally occurred in the upper 2.6 cm of substrate, 
while smaller clams were buried up to 17 cm below the substrate 
surface. Maximum depth of penetration was greater in soft, 
clayey silt than in firmer substrates containing more sand. 
Clams deep in the substrate may have been in a "resting-state," 
since it is unlikely that they could have maintained communi­
cation with the water column. Small clams deep in the sub­
strate may escape prédation or unfavorable water conditions 
and contribute greatly to the success of transversum in 
Pool 19. Some small clams may be missed by conventional 
sampling equipment. 
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2» transvers urn feeds on a variety of phytoplankton. In 
July» one clam's gut contained 20 genera of algae belonging 
to 4 phyla. Most clams did not contain food in their guts 
during December, February and March. Less than 50 per cent 
of the clams had been feeding when collected in July, 1967. 
During other sampling periods most clams contained large 
amounts of food. 
Prédation and parasitism appear to be important factors 
influencing S^, transversum populations. On Pool 19, diving 
ducks, leeches, and fish are important predators. Diving 
ducks may harvest nearly 5,000,000 kg of sphaeriids annually 
on Pool 19 (over 25 per cent of the overall standing crop). 
Leeches, Glossiphonia complanata and Helobdella stagnai is, 
were voracious predators on transversum and sometime 
consumed all of the soft tissue, leaving only the shell. 
In July, 1967, clams were placed in retainers at station 
2, where the sphaeriid population was low. These clams grew 
rapidly and produced many young. In November, 1967, enclosures 
were placed at the same station to measure the effects of 
vertebrate prédation on the population of transversum. 
At termination, enclosures from which fish and other vertebrates 
were excluded contained populations up to four times greater 
than the controls. It is probable that prédation by bullheads, 
carp, and gizzard shad may suppress population expansion of 
S. transversum in hundreds of hectares of Pool 19. Shallow 
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areas adjacent to vegetation almost always contained low 
standing crops of sphaeriids and other benthic organisms. 
Large specimens of S^. transvers urn at station 14 were 
heavily parasitized in August, 1967, with cercariae of an 
unidentified trematode. Parasitized clams lacked living 
embryos. It is probable that many of the large clams even­
tually died. 
Small oligochaetes, Chaetogaster limnaei, were discovered 
inhabiting the mantle cavities of S^. trans vers urn and 2 
s triati num. Incidence of infection in S^. trans vers um 
(exceeding 4.5 mm in length) reached 90 per cent at stations 
6 and 14 during July. During other sampling periods, the 
incidence of infection was low. The relationship of 
Chaetogaster to Sphaerium is not known. Occasionally, water-
mites were found partially embedded within the gills of S^. 
transversum. 
In May, 1967, more than 99 per cent of the population of 
2. transversum was comprised of individuals less than 1 mm 
wide (approximately the size of the clams at birth). Small 
clams continued to be the most abundant size class at most 
stations in nearly every sampling period. 
Population expansion of £. transversum was greatest 
between June and August as reproduction increased. In August, 
clams in the larger size classes began to disappear, but the 
overall effect on standing crop was slight, due to the pre­
ponderance of small clams. In areas of high population, total 
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clam growth appeared to have been surpressed and many clams 
died without reaching maximum size. Prédation appeared of 
major importance in reducing clam density, but parasitism 
may have had important short-term effects. Factors limiting 
the population appeared to vary seasonally and with location 
in the river. 
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APPENDIX 
Table  31 .  Author i t ies  who ident i f ied  or  ver i f ied  ident i f ica t ions  of  var ious  taxa  
co l lected  in  Pool  19 ,  Miss iss ippi  R iver  (Sources  used by  author :  1 ,  
Parr ish  (1968) ;  2 ,  Eddy and Hodson (1961) ;  3 ,  Pennak (1953) ;  4 ,  Basch 
(1963) ;  5 ,  Herr ington (1962)  
Group Source  Author i  ty  
Ol igochaeta  1  
(except  Chaetogaster )  
Ol igochaeta  
(Chaetogaster )  
H i rudinea  
P lecoptera  
Ephemeroptera  
Tr ichoptera  
D iptera  
Crustacea  
2 ,3  
Dr .  R .  0 .  Br i r ikhurst ,  Depar tment  o f  Zoology,  Univers i ty  o f  
Toronto ,  Toronto  5 ,  Ontar io ,  Canada 
Dr .  Freder ick  J .  Vande Vusse,  Depar tment  o f  B io logy,  
Gustavus Adolphus Col lege ,  S t .  Peter , ,  Minnesota  56082  
Dr .  E l izabeth  Waf f le ,  Depar tment  o f  B io logy,  Eastern  Michigan 
Univers i ty ,  Yps i lant i ,  Mich igan 48197  and Dr .  Freder ick  
Vande Vusse (address  above)  
Dr .  John Hanson,  Depar tment  o f  Entomology,  Univers i ty  o f  
Massachuset ts ,  Amherst ,  Massachuset ts  01002  
Dr .  Lewis  Berner ,  Depar tment  o f  B io logica l  Sc ience ,  Univers i ty  
o f  F lor ida ,  Gainesv i l le ,  F lor ida  32601  
Dr .  0 .  B .  Wal lace ,  Depar tment  o f  Entomology,  Univers i ty  o f  
Georg ia ,  Athens,  Georg ia  30601  
Mr .  Wi l l iam M.  Beck ,  J r . ,  F lor ida  Sta te  Board  o f  Hea l th ,  
Jacksonvi l le ,  F lor ida  32201  
Dr .  Hor ton H.  Hobbs,  J r . ,  Depar tment  o f  Inver tebrate  Zoology,  
Smi thsonian  Inst i tu t ion ,  Washington,  D .  C .  20560  
Gastropoda 2 ,3  
(except  Ancycl idae)  
Dr .  Wi l l iam J .  C lench,  Museum of  Comparat ive  Zoology,  Harvard  
Univers i ty ,  Cambr idge,  Massachuset ts  02138  
Gastropoda 4 Dr. Paul F. Basch, George Williams Hooper Foundation, 
(Ancyclidae) University of California Medical Center, San Francisco 22, 
Cali forni a 
Pelecypoda 5 Rev. H. 3. Herrington, Westbrook, Ontario, Canada 
(Sphaeri idae) 
Pelecypoda 2,3 Dr. David H. Stansbery, Ohio State Museum, Columbus, 
(Unionidae) Ohio 43210 
T a b l e  
N u m b e  
w e i g h i  
36 
4 5  
89 
80 
8 
9  
1 1 0  
82 
2 5  
A v e r a g e  w e i g h t s  ( g r a i n s )  o f  n i n e  g e n e r a  o f  g a s t r o p o d s  c o l l e c t e d  i n  P o o l  1 9 ,  
M i s s i s s i p p i  R i v e r  
G e n u s  T o t a l  w t .  W t .  m i n u s  p e r  c e n t  
w i t h  s h e l l  s h e l l  o f  t o t a l  
( b l o t t e d )  ( b l o t t e d )  
A m n i  c o l  a  0 . 6 4 5 8  0  . 2 9 6 6  4 5 . 9 3  
C a m p e l o m a  5 5 . 1 6 3 0  1 3 . 5 8 2 2  2 4 . 6 2  
F o n t i  g e n s  0 . 4 3 9 8  0 . 1 7 8 8  4 0 . 6 5  
L i  o p l a x  1 1 . 1 1 1 3  4 . 7 1 8 6  4 2 . 4 7  
P h y s a  1 . 7 2 4 2  1 . 1 0 0 8  6 3 . 8 4  
P I e u r o c e r a  3 . 7 4 0 2  0 . 8 7 2 4  2 3 . 3 2  
S o m a t o g y r u s  9 . 9 3 8 1  4 . 5 1 1 5  4 5 . 4 0  
V a l v a t a  1 . 3 5 2 1  0 . 5 9 6 7  4 4 . 1 3  
V i  v i  p a r u s  2 2 . 4 8 6 0  9 . 1 6 2 5  4 0 . 7 5  
Tab le  32  (Con t i nued )  
Wt. minus Dry wt. Per cent dry Per cent dry 
Shell minus wt. is of damp wt. is of 
(reweight) shell wt. (minus shell) whole wt. 
0.2952 0.0765 25.91 11 .85 
2.9541 21.75 5.36 
0.1786 0.0375 21 .00 8.53 
4.5700 0.9353 20.47 8.42 
1.0584 0.1979 18.70 11.48 
0.9222 0.2145 23.26 5.73 
4.5260 1.0408 23.00 10.47 
0.5989 0.1434 23.94 10.61 
9.1343 1.8226 19.95 8.11 
T a b l e  3 3 .  A v e r a g e  w e i g h t s  ( g r a m s )  o f  s e v e n  s p e c i e s  o f  m u s s e l s  c o l l e c t e d  i n  P o o l  1 9 ,  
M i s s i s s i p p i  R i v e r  
N u m b e r  S p e c i e s  T o t a l  w t .  W  t .  m i n u s  
• e i  g h e d  w i t h  s h e l l  s h e l l  
( b l o t t e d )  ( b l o t t e d )  
1  A .  g r a n d i s  2 7 , 3 5 1 9  1  1  . 5 2 4 0  
8  A .  i  m b e c i 1 1 i  s  3 . 0 8 8 6  1  . 3 4 9 3  
1  L .  f r a g i 1 i  s  0 . 5  1 2 9  0 . 2 2 6 5  
1  0 .  r e f l e x a  1 2 . 2 4 1 2  3 . 4 0 6 9  
1  0 .  o l i  v a r i a  3 . 9 9 6 4  0 . 5 7 6 1  
1  Q .  q u a d r u l a  2 3 . 8 0 1 7  5 . 8 9 1 8  
6  T .  d o n a c i  f o r m i s  1 8 . 3 2 8 7  6 . 0 1 0 3  
Tab le  33  (Con t i nued )  
P e r  c e n t  
o f  t o t a l  
D r y  w t ,  
m i n u s  
s h e l l  
p e r  c e n t  d r y  
w t .  i s  o f  b l o t t e d  
w t .  ( m i n u s  s h e l  1  )  
p e r  c e n t  d r y  
w t .  i s  o f  
w h o l e  w t .  
4 2 . 1 3  
4 3 . 6 9  
4 4 . 1 6  
2 7 . 8 3  
1 4 . 4 2  
2 4 . 7 5  
3 2 . 7 9  
1  . 5 0 3 1  
0 . 0 3 0 7  
0 . 4 7 1 3  
0 . 0 7 7 3  
0 . 8 2 1 7  
0 . 7 2 7 3  
1 3 . 0 4  
1 3 . 5 5  
1 3 . 8 3  
1 3 . 4 2  
1 3 . 9 5  
1 2 . 1 0  
5 . 4 9  
5 . 9 8  
3 . 8 5  
1  . 9 3  
3 . 4 5  
1  . 7 9  
T a b l e  3 4 .  M o n t h l y  ( 1 9 6 6 - 6 7 )  t e m p e r a t u r e ,  p H ,  a n d  d i s s o l v e d  o x y g e n  v a l u e s  i n  
P o o l  1 9 ,  M i s s i s s i p p i  R i v e r .  V a l u e s  d e r i v e d  f r o m  d a t a  p r o v i d e d  b y  t h e  
C h e v r o n  C h e m i c a l  C o m p a n y  ( O r t h o  D i v i s i o n ) ,  F o r t  M a d i s o n ,  I o w a .  M e a n s  
a r e  b a s e d  u p o n  o n e  d a i l y  o b s e r v a t i o n  t a k e n  t h r o u g h o u t  t h e  m o n t h .  I n  
a  f e w  i n s t a n c e s  o b s e r v a t i o n s  w e r e  m i s s e d ,  b u t  a t  l e a s t  1 6  o b s e r v a t i o n s  
w e r e  m a d e  e a c h  m o n t h  
1966 _ Temp 
_ PH D.O. 
Month X Range X Range X Range 
Jan 34.7 33-43 7.7 7.4-8.1 9.9 6.8-13.4 
Feb 33.6  32-37 7.7 7.2-8.1 8,2  4,4-11.0 
Mar 41.2 31-51 7.7 7.5-8.3 8.1 6.2-10.8 
Apr 46.6 38-60 7.8 7.4-8.2 7.4 4.4-11 .0 
May 58.5 49-66 7.8 7.4-8.7 6.4 4.8-8.3 
Jun 69.6 65-82 7.5 6.8-7.8 3.8 2.1-5.4 
Jul 80.4 72-87 7.7 7.1-8.2 5.1 3.5-10.5 
Aug 73.9 68-78 8.0 7.2-8.6 5.8 3.8-9.1 
Sep 63.4 56-70 7.8 7.6-8.2 5.7 3.9-7.9 
Oct 54.7 50-60 8.2  7.6-8.8 6.2  4.2-10.0 
Nov 8.3 7.8-8.6 
Dec 8.0 7.5-8.4 
1 9 6 7  
J a n  3 6 . 5  
F e b  3 5 . 4  
M a  r  4 0 . 0  
A p r  5 0 . 5  
M a y  5 4 . 5  
J u n  6 8 . 5  
J u l  7 2 . 6  
A u g  7 0 . 7  
S e p  6 4 . 4  
O c t  5 2 . 7  
N o v  4 0 . 4  
D e c  3 6 . 0  
3 6 - 3 8  7 . 9  
3 2 - 3 8  7 . 6  
3 5 - 5 6  7 . 6  
4 2 - 5 5  7 . 5  
4 4 - 6 8  8 . 0  
5 3 - 7 4  7 . 6  
6 7 - 7 8  7 . 7  
6 3 - 7 8  8 . 0  
5 2 - 6 9  8 . 1  
4 0 - 6 4  7 . 8  
3 5 - 4 6  8 . 1  
3 3 - 4 0  8 . 4  
7 . 5 - 8 . 1  
7 . 3 - 7 . 9  
7 . 4 - 7 . 9  
7 . 1 - 8 . 2  
7 . 4 - 8 . 8  
7 . 4 - 7 . 9  
7 . 1 - 8 . 1  
7 . 0 - 8 . 7  
7 . 6 - 8 . 7  
7 . 3 - 8 . 1  
7 . 5 - 8 . 8  
7 . 6 - 8 . 7  
. 7  9  . 2 - 1 4 . 8  
. 3  4  . 5 - 1 1 . 9  
. 8  3  . 6 - 1 2 . 3  
. 6  4  . 2 - 1 1 . 1  
. 2  5  . 4 - 1 0 . 4  
. 8  1  . 4 -  7 . 9  
. 1  1  . 0 -  6 . 6  
. 4  3  . 6 - 1 0 . 0  
. 3  1  . 6 - 1 0 . 3  
. 0  4  CO
 1 00
 
. 0  4  . 9 - 1 4 . 1  
. 5  9  . 4 - 1 7 . 3  
12 
8 
8 
6 
8 
3  
4  
6 
6 
7  
9  
1 2  
Plate I. Sphaeriid shells: (A) transversum, (B) 
1 acustre, (C) S^. s tri atlnum (inflated form), (D) Pi sidi um sp., 
(E) 2' transversum (from growth chambers showing dark deposits), 
( F) trans versum (normal), (G) S^. stri atinum (compressed 
form), (H) transversum (dorsal view showing calyculus) 
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